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TRANSLATOR'S PREFACE. 



SOON after the publication in German of Professor Dragendorff's 
'Pflanzenanalyse,' it was suggested to me that an English transla- 
tion of the work would supply a want keenly felt by both English 
chemists and English pharmacists 

A thorough knowledge of the German language and a practical 
acquaintance with many of the processes described, gained whilst 
a pupil in the author's laboratory, would, it was thought, enable 
mo to offer a translation of trustworthy accuracy , and this has 
boon my endeavour. Such alterations or addition? as have boon 
considered needful have boon made in the text, tho proof-sheotn 
of which have boon submitted to tho author. 

Most of tho references have boon checked, as accuracy in tlus 
particular wsis doomed very important To many oi thorn, how- 
ever, access could not easily bo had , but it is hoped that oven in 
those casos voiy few will bo found to be incoiu'ct To secure to 
English roadoi'H the usffnlncas of the numerous quotations, refer- 
once has boon frequently made, in bi tickets, to abstracts or trans- 
lations that luivo appeared in English journals 

One word has boon employed in 11 somewhat unusual sense. 
The solution obtained by treating a substance with spirit is called 
n * tincture,' with cold watoi an ' infusion,' said so on. All such 
.solutions have been included in tho general term 'extract,' tho 
latter will not, thcrofuio, necessarily mean the dry residue com- 
monly culled 'oxtiact' 

Tho name 'petroleum spirit' suflioiontly indicates the oiigin of 
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the liquid. A petroleum spirit boiling above 60 0. should not 
be used. Benzene should boil at 80-81 0. ('Die gerichtlich- 
chemiscbe Ermittelung Ton Giften,' Dragendorff, 1876.) 

The index will be found more copious than in the original ; it 
has been compiled from the English text 

The high reputation of the author and the favourable reception 
accorded to his ' Pflanzenanalyse ' arc a sufficient guarantee for 

the value of the work. 

THE TRANSLATOR 

LONDON, October lnt, 1883 
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AUTHOR'S PREFACE. 



WHILST engaged in collecting the material for my ' Ermittolung 
von Giften,' I formed the intention of utilizing the knowledge 
then acquired of the alkaloidal and other constituents of plants to 
improve and extend the present methods of plant analysis. In 
accordance with this intention I subsequently discussed in my 
' Chomischo Worthbostimmung ' the detection and estimation of 
tho active principles of some powerful drugs, and at the same 
time promised further communications on allied substances. 

In the meantime, I gradually became convinced of the need of 
devising a process of analysis that should includo as many as 
possible of tho more important constituents of plants Such a 
process was, I thought, a desideratum, as J had frequently ob- 
served that the methods of examination published in some of 
my researches wore adopted by other chemists in cases in which I 
myself should havo deviated from them 

This consideration WOH mainly instrumental in inducing mo to 
carry my plan into execution more rapidly than was originally 
contemplated. No one can bo more thoroughly aware tliiui I am 
myself of tho insufficiency of tho material at present available for 
tho construction of a systematic process of analysis, nor can any- 
one bo more conscious of the necessity for Rifting and improving 
tho contents of the following chapters. I may, however, bo per- 
mitted to remark that in proposing to my pupils subjects for 
scientific investigation, I have never lost sight of tho plan I had 
formed, and 1 havo been able to benefit by the results of upwards 
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of one hundred dissertations or communications published by 
myself or by my scholars. 

Comparatively few chemists will have learnt, as I have done, 
that nothing can tend so much to the end aimed at as increased 
activity in this much-neglected branch of chemistry ; and it was 
the hope of stimulating young chemists to steady, persevering 
work in testing the methods now placed before them, and devis- 
ing better ones, that finally decided me. I doubt the possibility 
of making, without assistance, such progress as I think necessary; 
and I trust, therefore, that the publication of this httle work will 
be followed by an increase in the number of my fellow-workers. 

As will be explained in the introduction, I have endeavoured 
to construct a method that shall comprise at once both the qualita- 
tive and the quantitative, micro- as well as macro-chemical 
analysis of plants and their constituents. All widely distributed 
vegetable substances are to be included, the detection of rarer 
ones facilitated, and the method so arranged that other principles 
not hitherto observed shall, if present, attract the attention of the 
investigator. 

An exhaustive treatise on all the known constituents of plants 
would naturally have obscured the method of examination. This 
result I have endeavoured to avoid by comprossmg the method 
of examination proper (Part I.) into the smallest possible limits ; 
and by following it up with further observations (Part II.) on tho 
characters, etc., of the substances there mentioned Numerous 
notes and a systematic, as well as alphabetical, mdox will guard 
the reader from confusion. 

I have been compelled to restrict myself to tho treatment of 
the more important constituents of plants, that is, those thut arc 
of importance to tho plant itself, or that play an important pai t 
in its economical application The extracts in which raioi or 
less important substances are to be looked for havo boon pointed 
out, but it has been left for tho reader hiinsolf to gum further 
information about them from other sources. Numerous refer- 
ences will aid him in his search, and also dnoct his attention to a 
number of analyses that may bo of service to him in modifying or 
extending the process here recommended. 
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I have assumed in my readers an acquaintance with the leading 
principles of general and analytical chemistry, and have, there- 
fore, passed over parts of the latter, such as ultimate and ash- 
analysis, since these r havo been fully treated of elsewhere. Sub- 
jects that have been discussed at length in my 'Ermittolung 
von Gifton,' and ' Chemische "Werthbestimmimg starkwirkonder 
Droguen,' have been referred to as briefly as possible. An ulti- 
mate analysis is, of course, frequently necessary in order to 
demonstrate the identity of a substance isolated during the 
investigation with some other known body. I have, therefore, col- 
lected analyses of the constituents of plants, and have arranged 
them both alphabetically and according to the percentage of 
carbon they contain. 

THE AUTHOR. 
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INTRODUCTION. 

1. AN accurate qualitative and quantitative analysis of a plant 
or vegetable substance is not unfrequently referred to as one 
of the most difficult tasks that a chemist may be called upon 
to undertake Attention is very properly directed to the great 
number of species of plants that occur in nature, to the great 
abundance and variety of their chemical constituents, and to the 
circumstance that almost every skilful analysis of a plant that 
has not previously been examined yields new, hitherto unknown 
products Prominence is also justly given to the fact that the 
analysis of vegetable substances difFois from that of minerals, 
inasmuch as the elements present in the latter have in many 
instances only to bo sopaiated and weighed 01 moasiued, oithei 
us such or in the foim of certain of then simplei, more easily 
recognisable compounds, whilst in the analysis of plants it far 
more frequently occurs that the proximate principles themselves 
must be first separated before they can bo examined or weighed. 
These reasons aro all admissible, wo aie, moreover, justified in 
pointing out, amongst other numerous difficulties encountered in 
the analysis of plants, the great prononoss to decomposition of 
many of the constituents of vegetable substances and the errois 
that may anse thorofiom, not only in the estimation of these 
bodies themselves, but also of such substances as may accompany 
them. But surely these considerations should not tend to pre- 
vent investigations from being carried out which are equally 
important for scientific botany and chemistry, for medicine, phar- 
macy, dietetics, agriculture, etc. By systematically arranging 

1 
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the methods of flTra.nriTiftt.inTi hitherto devised, either for tho 
estimation of a single constituent or for the separation of 
several substances contained in a plant, I hoped to succeed 
in inducing others to conduct investigations in a department 
of chemistry at present so much neglected ; and it was in that 
hope that I decided upon the compilation of this work. In it 
I trust to be able to show that for the separate estimation of 
many substances we have methods at our disposal which, in 
point of accuracy, are nearly abreast of tho processes employed 
for the determination of mineral constituents, and that wo can 
often obtain results really serviceable in the investigation of 
tho more important component substances contained in a plant. 
I especially hope to succeed in showing that analyses of plants 
possess in one respect an advantage over the analyses of f 
minerals, inasmuch as it often happens, in examining mixtures 
or conglomerates of several chemical individuals, that in the 
latter case a much less satisfactory insight into the constitu- 
tion can be obtained than in the former. Tho elements, for 
instance, of which a granite is composed can easily bo deter- 
mined by inorganic analysis, but it is exceedingly difficult to 
ascertain with exactitude in what quantity oach separate 
mineral occurring in the granite is present. But in tho 
analysis of vegetable substances tho endeavour is mtirlo from 
the outset to separate the different chemical individuals from 
one another, and by the use of various solvents this is fre- 
quently possible. In this respect, therefore, tho analysis of a 
plant can often be made more complete- than that of a mineral 

2. The object that I have sought to attain in this work 
was the compilation of a method of analysis applicable to tho 
qualitative and quantitative examination, of vegetable substances 
of both known and unknown composition, and of un introduc- 
tion to the qualitative and quantitative determination of the 
various more important constituents of plants with which wo arc ' 
at present acquainted. 

I need scarcely observe that I have given the fullest possible 
consideration to the question as to which tissues of tho plant 
contain the various constituents, and have therefore, for that 
purpose, made use of microchomicol analysis. 

With reference to the arrangement of tho matter in tho work, 
I would remark that in tho method of analysis contained in 
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Part I , I have not separated the qualitative and the quantita- 
tive determinations of the more important substances from 
each other. I have made the method of separation serve as a 
leading principle, and have therefore grouped together the 
constituents of plants in such a manner that all those may be 
considered together that are isolated by the same means. I 
have then placed in sub-divisions of the principal groups such 
substances as may be isolated by special methods, and these 
latter are also discussed. 

The more important peculiarities of the various bodies belong- 
ing to the different groups, as well as special methods for the 
estimation of some of them, have been placed in Part IT., which 
has been so arranged as to follow closely on Part I in the form 
of a supplement. 1 In this way I hope to be more easily able 
to avoid repetition, and especially to facilitate investigations in 
which tho substances that may be found are unknown Thus a 
method of analysis, taking account of the more important con- 
stituents of plants, may be traced through the work. 

3 It has always been accepted, as an important principle, 
by those who have been engaged in plant analysis, that the 
constituents present should bo separated as far as possible by 
moans of ihfloront solvents. I have also followed this plan, 
which has in many instances proved itself adapted to the attain- 
ment of tho object in view, and I concur with those chemists 
who iccommond the use, as far as practicable, of the most in- 
different solvents If, in tho analyses of vegetable substances 
I liavo already made, I have deviated fiom tho course followed 
by my predecessor, 1 I have done so, first, in increasing tho 
number of solvents , and secondly, in varying the Older in 
which those solvents were allowed to act upon tho substances 
under examination I shall subsequently show that this may 
have a great influence on tho result of the analysis 

1 I draw particulai attention here to Rochleder's 'Anloitnng zur Analyse 
von Pflanzen und Pflanzenthcilon' (Wur/lmrg, 1858), which I regard as open- 
ing up now ground in this subject See also Wittutem, 'Anleitung zur 
chomischen Analyse von Pflanzentheilen' (Nordlmgen, 1868), and an English 
IriUHlatwn of the same by Baron von Mueller, ' The Organic Constituents of 
Plants and Vegetable Substances and their Chemical Analysis' (Melbourne, 
1878); Aiata, 'Guja Paralel Analysis immediate de los Vejetales' (Buenos 
Aires, 1809) , and a paper by Parsons in the American Chemical Journal, 
vol. i No 6. 

1 2 
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It will "be seen, from the foregoing that the principal groups 
into -which I have divided the matter to he treated are formed 
by the "behaviour of the plant constituents to solvents. 

In a chapter preceding titie method of examination proper, I 
have given a few general rules for plant analysis. * 



\'r 




METHOD OF ANALYSIS FOR THE MORE IMPORTANT 
CONSTITUENTS OF PLANTS. 



PRELIMINARY OPERATIONS. ESTIMATION OP MOISTURE 
AND ASH. 

4. Drying In the majority of cases the ports of plants at 
our disposal for analysis have already been dried, and we can only 
take account of the small amount of moisture that has been 
absorbed from tho air in consequence of the hygroscopic nature 
of the vegetable tissue in contact with it I can only recommend 
that tho estimation of moisture, for which a temperature not 
exceeding 110 will as a rule suffice, be made with a small 
quantity of the substance. I should not advise the diying of the 
material intended for use in the investigations to bo discussed in 
the following chapters, because, cvon at a temperature of 100 to 
110, a number of constituents prone to decomposition undergo 
chemical change It will bo sulliciont if the moisture bo estimated 
in about 2 to 5 grams, that is, if th.it quantity bo kept at the tem- 
perature indicated till it ceases to lose weight By means of tins 
determination tho results of all other estimations can be calculated 
to the dry substance 1 

1 An apparatus for diying material foi agiicultural (chemical) analysis has 
been described by Hugo HchuLs (Lamlw Versuchsstat, vol ix p 218) , one 
for the rapid estimation of watur in organic &ubst\nce8 by Gawalovski in the 
Xuitachnft f anal Chemie xin 267 (1874). Foi the determination of 
moisture infnuta nch in sugar, such OB apples, etc , Taohaplowitz (ibid Jg 10, 
]> 243, 1880), recommends the slices to be first extracted mth absolute 
alcohol containing 10 to 20 per cent of ether, and then dried at 100 to 110, 
the ether-alcohol solution to be evaporated, the residue heated to 85 to 90 and 
then added to the diy substance See also Reinohauer in the Jahresb f. 
Phann. Jg 1867, p. 8 (Amer. Journ. Phann. xxxvm. 74) ; Schoonbroodt, 
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That portion which has served for the determination of the 
moisture can subsequently be used for the estimation of the 
total ash. 

5. tPreatment of Fresh Plants. If fresh plants or parts of the 
same are to he examined it will be advisable in many cases, at 
least if a quantitative examination is to be made, to first dry the 
material, or it will at any rate be necessary for those portions 
which are subsequently to be treated with petroleum spirit, ether, 
alcohol, and similar menstrua. Here, too, it will be desirable to 
make an accurate estimation of the moisture, and in doing so it 
is advisable to allow the temperature to rise very gradually to 
100 or 1 10. The greater part of the material can as a rule be dried 
at a temperature under 30 till in a condition suitable for powder- 
ing, and the amount of moisture still retained in it can be deter- 
mined in a small portion by a separate estimation. In drying 
fleshy fruits or roots care should be taken not to reduce them to 
too fine a state of division. Leaves which are not too fleshy do 
not require any preparation at all It is very desirable that as 
little of the cell-tissue as possible should be deprived of its natural 
covering, as by doing so the action of the air on the decomposable 
constituents is only facilitated. With substances which are very 
rich in sugar it is better not to dry the portions destined for the 
estimation of the saccharine matter at all, but to examine them in 
the fresh state. The same holds good for such substances as are 
very rich in ethereal oil, or contain volatile acrid compounds ; 
1 shall subsequently show that such compounds may bo easily 
isolated from, and determined in, the fresh plants Of course 
the amount of such volatile substances as may bo found by other 
means must be deducted from the result of the determination of 
moisture. 

6 Powd&rmcf It is of the greatest importance that the 
material for the various estimations should be unifonnly mixed 
and reduced to the very finest powder possible It may bo 
asserted that the greatest errors made in tho analysis of plantw 
are duo to tho material not having been reduced to a sufficiently 
fine stato of subdivision. Estimations of oil made with other or 
petroleum spmt often show differences of several units per cent , 

ibid Jg. 1869, p 9. (Pharm. Journ Trans. [2], xi. 84). In tho latter work 
illustrations me given of the difference in composition that may be mot with 
in fresh and dued, and in quickly and slowly dried, vegetable substances. 
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because these solvents do not penetrate into the cells, "but only 
dissolve that which is adhering to the external surfaces of the 
object. It must bo admitted that it is often very difficult to 
reduce a vegetable substance to an impalpable powder, but the 
necessity of sparing no trouble in this respect must be most 
strongly urged. It may sometimes be expedient to dry very 
hard substances, such as seeds, etc., at 100 B to 110 before powder- 
ing them. Coffee-seeds may thus be reduced to quite a fine 
powder, especially if triturated in an agate mortar with a known 
quantity of powdered glass or sharp sand (that has been pre- 
viously treated with hydrochloric acid). Somewhat hard sub- 
stances may occasionally be grated upon a fine grater with 
advantage, and then powdered as above. Tough material, too, 
and such as is to be examined in the fresh state, may be generally 
prepared in this way. In working with substances containing 
much fixed oil it is sometimes expedient to diy the residue 
after the first extraction with petroleum spirit, etc., powder it 
again and repeat the extraction. 

7 Estimation of Ash With regard to the total ash, which is 
usually cstimatod in plant analysis, reference may be made in the 
mujonty of caseb to the generally known methods of procedure. 
For vegetable &ul>stauccs that aro very difficult to incinerate, it is 
mlvisablo, after caibomzation, to cool, powdoi as finely as possible, 
and continue the heating, placing a eylimlncal tube voitically 
above the platinum dish, so as to create a current of tin. Or the 
meinouition may ho conducted in a Hempcl's jacket wfth access 
of air If eobily lusiblo salts are present and prevent complete 
incineration, the admixture of about an equal weight of mtiato of 
ammonium with the cooled mass, and repeated ignition, may render 
good service Oi the carbonized mass may ho mixed with a weighed 
quantity of oxide of uon, and the mcmoiation continued. 1 

After weighing the ash the quantity of caibomc acid present in 
it is to bo determined and deducted iiom the total weight. The 
carbonic acid is simply a part of the organic matter, the rest 
of winch has boon burnt off, and is to he determined in otter 
vvayfl It is also desirable to tost the ash for sand, and finally, 
if a complete analysis is not required, to estimate at least 
the total quantity oi phosphoric and sulphuric acid and potash 
(Sec also 82) 
1 Compare also Borntrager, Zeitsohr. f. anal. Ohenue, B xvh. p. 440 (1878). 
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II. 

EXAMINATION OP THE SUBSTANCES SOLUBLE IN PETROLEUM 

SPIRIT. 

ETHEEEAL AND FATTY OILS, WAX, ETC. 

8. Petroleum Spint I have proposed the use of petroleum 
spirit in the analysis of plants on account of its being a relatively 
good solvent for most ethereal and fatty oils, but not for tho 
majority of resins and allied substances which -would have 
been simultaneously brought into solution had ether boon used. 
We have therefore in this liquid a moons of more accurately 
estimating ethereal and fatty oils than was formerly possible 
with ether. Another advantage which petroleum spirit possesses 
over ether is that it does not, like other, cause a coagula- 
tion of soluble albuminous compounds in substances rich in 
such bodiea As it is desirable to deprive the material of fat 
before extracting the soluble albuminous substances for their 
quantitative determination, the whole or part of tho residue* 
after treatment with petroleum spirit may be very well employed 
for this purpose. A chief condition for tho successful application 
of petroleum spirit is that it be very volatile It must tlmroforo 
be purified by repeated fractional distillation, and care talcou thai. 
it contains no compound boiling above 4.H" It in, moroovor, 
desirable to distil it over fat (lard) to free it from somo of tlw 
impurities of more powerful odour. 

9 Extraction with Petroleum Spiiit.It has already boon men- 
tioned in 6 that vegetable substances to bo extracted with 
petroleum spirit must be reduced to the finest powder possible 
It is advisable in such extractions to employ a known quantity 
of petroleum spirit say five to ten times that of tho substance 
to be treated , or, better still, for every gram of tho latter J cc. 
of the former A small narrow cyhnder with glum stopper may 
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be used for this purpose. It should be 
the introduction of substance and menstruu 
the volume only occupied by both need 

macerated for about eight days, shaking several times daily, and 
then made up to ,tho original volume or weight by the addition of 
petroleum spirit, to replace any that may have been lost by 
evaporation. This having been done, it is sometimes only neces- 
sary to evaporate an aliquot part of the solution, and calculate 
from the residue the weight of the substances which have been 
brought into solution. 1 

The supernatant liquid frequently becomes so perfectly clear on 
standing, that all trouble of filtration may be avoided by removing 
with a pipette a definite volume, which may then be evaporated 
and weighed. 2 

This method of procedure is especially to be recommended if the 
object under examination contains ethereal oil, in which case all 
washing of the residue, or any dilution whatever of the petroleum- 
spirit solution, should be carefully avoided The more concen- 
trated the petroleum-spirit extract is, the more accurate will be 
the giavimctnc estimation of tho ethereal oil If, however, the 
pcti oleum-spirit solution is to be filtered off and tho residue on 
the filter washed, cave should l>o taken that a funnel with ground 
edges bo omplo.yod and kept Tvell covered. 

For tho evaporation of tho petrolcuni-spint solution no porce- 
lain basin or round-bottomed platinum or gloss dish should be 
used, on account; of the loss easily caused by the capillarity of its 
sides It in expedient, as a rule, to use a Hat-bottomed glass dish 
with vertical sides and well-giound edges, a gi omul-glass plate 
acting as a cover IE the presence of a lapidly rcsimfymg oil is 
suspected, the pell oleum-spin I solution may ho ovapoiatod in a 
tared flask by passing a current of carbonic acid gas through it 
whilst kept sunounded with warm waloi. (See also 138) 

1 In thin cimo, a shghb eiror is introduced into tho calculation, by the m- 
crairiod. volume of tho petioloum Hpuit duo to diwolved oil. But this will, as 
a mlo, be so small that it may bo entnely neglected , or, if desirable, a correc- 
tion may bo mado aftor weighing tho residual oil, since we know that the 
specific gravity of the fatty oils hitherto examined ranges from 91 to 926 

a Kvon when tho petroleum-spirit bolution does not become quite cloar on 
btanding, as is often the case when seeds aie under examination, it is better 
to measme off a quantity with a pipetle, filter it, and wash the filter and the 
mouth of tho funnel (on the outside) with petroleum spirit, than to filter off 
the whola of the liquid and measure off a quantity for evaporation. 
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Shallow evaporating dishes, which can be enclosed between 
clamped glasses and weighed, may also be used if etheneal oil is 
present ; but they must be placed in other larger dishes during 
the evaporation of the petroleum spirit. It is, however, preferable 
even in these cases to use the glass dishes with vertical sides pre- 
viously described. 

10 Treatment of fresh Plants. Fresh, very aromatic parts of 
plants may be examined as- stated in 0, without being previously 
dried. 1 They should be as finely divided as possible by pressure 
and trituration, then packed in a small percolator, and the moisture 
present displaced by the smallest possible quantity of petroleum 
spirit or ether ; the latter is, perhaps, in this case to be preferred. 
The menstruum itself must subsequently bo displaced by water. 
The liquids may be received in a graduated burette fitted with a 
glass stop-cock and long fine point ; in this the ether or petroleum 
spirit may be allowed to separate, and an aliquot part measured 
off for evaporation. (See also 22 and following.) 

EXAMINATION OF THE FIXED OIL. 

11. Detection and Estimation, We will first consider the 
simpler case in which the petroleum spirit (or ether) dissolves fixed 
but not ethereal oil The absence of the latter may be recog- 
nised by the light colour of the petroleum-spirit solution and its 
residue after evaporation, and by the absence of any aromatic 
odour which would otherwise be given off during the evaporation 
of the last traces of solvent, the operation being conducted at the 
ordinary temperature. That we really have a fixed oil to deal 
with may bd shown by the uniform character of the spot loft on 
evaporating a drop of the petroleum-spirit solution on a sheet oi 
blue notepaper. 

On examining vegetable substances under tho win escape, fixed 

011 is seen in the form of small globules of high refracting power, 
which dissolve in petroleum spirit, other, and bisulphide of carbon, 
and ore saponified by a dilute solution o soda. If tlio objects 
examined are fresh it is advisable to treat tho section with a 
relatively large quantity of water. Concentrated solutions of 
sugar and similar substances have the power of dissolving oil, 
which is, however, agam separated on the addition of a largo 

1 For information concerning the so-oalled dictheralyiuH. aoe Leerii). Union 
Pharm. V. vi. p. 65 (1876). 



11, 12. DETECTION, ETC., OF FIXED OIL 11 

quantity of water. I do not think it improbable that in the juice 
of fresh plants oil is held in solution by carbohydrates and 
does not show itsolf until separated by dilution with water. And 
in examining the expressed juice of fresh plants, or concentrated 
infusions of the same, it is well to bear this peculiarity of oils in 
mind. 

To determine the total amount of fixed oil, the residue from 
the evaporation of part or all of the petroleum-spirit solution is 
dried at 100" till the weight remains constant, which may then 
be noted. For further information respecting the estimation of 
fixed oils, and especially the apparatus to be used, see 120. 
Compare also 36. 

The fatty residue so obtained may be kept for some time, 
to observe whether partial or complete solidification does not 
gradually take place. The solubility in absolute alcohol, spirit 
of 95 and 90 per cent , may also be tested, to ascertain whether 
free fatty acids, cholestenn, resinous bodies, caoutchouc, or such 
compounds, can be isolated. (Of. 125, 126, 127, 130.) It may 
also be observed whether the oil is easy or difficult to saponify, 
whether tlio soap is soft or hard, colourless or coloured, whether 
glycormo ib separated during saponification, and the fat con- 
sequently contain glyccndes (cf. 13), and whether the oil 
reunifies readily on oxposuie to tlio an ( 121) Finally, the 
molting ami solidifying points may be taken Concerning this 
determination see 17. 

12. C<yin>OMhon If a further insight into the composition of 
the fixed oil ia lequuod, laigcr quantities must bo pieparod cither 
by extraction, 01 by exipiession followed by extraction, accord- 
ing to the natuio of the matoiial and the quantity of oil it 
contains 

A few (putlibttive experiments may first be made with a poition 
of this oil If it remains fluid at oidmaiy temperatures the 
action of nitrous acid may bo tried. Tlio aolidification of the oil 
would prove the presence of olcic ( 19, 130) or an allied 
acid capable of convoision into elaidin ( 122) In this case, on 
mixing the oil with about one-fifth of its volume of concentrated 
Bulplmiic acid, but little heat will bo evolved, whilst compounds 
of the drying Imokic acid ( 130) and its allies generally cause 
a considerable rise in temperature ( 123). For comparison 
parallel experiments may be made with Unseed and almond or 
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olive oil Any colouration produced by the first drops of sul- 
phuric acid should be noted, and the experiment repeated with a 
small quantity of the oil, adding a little syrupy phosphoric acid. 
The behaviour of the oil to syrupy chloride of antimony, nitric 
acid (from to 1 volume) of specific gravity 1 -3, alone or com- 
bined with a little powdered sugar, may be tested. The action 
of concentrated solution of bisulphide of calcium, borax, and 
chloride of lime may also yield reactions characteristic of certain 
oils. (See 124.) It may finally be ascertained whether the oil 
combines quickly with oxide of lead, and whether the plaster so 
produced is soft or hard, soluble or insoluble in ether. 

If the fatty oil is solid at ordinary temperatures, a portion 
may be melted, and the above tests with acids, etc , applied, The 
solubility in ether should be tried, and note taken whether a 
solution in two parts of warm ether deposit solid matter on 
cooling. 

If the fixed oil from a vegetable substance partially solidifies 
after standing several days, the liquid part may bo separated from 
the solid by filtration and expression, and each treated separately. 
13. Composition; Estimation of Qlyc&iine. It is well known 
that natural fats are almost invariably mixtures of different 
glycendes or ethereal salts If the various constituents of which 
a fixed oil is composed are to be ascertained, larger quantities 
(250 to 500 or 1000 grams) must be saponified with a solution of 
caustic soda of specific gravity 1 25 to 1-3, and after complete 
sapomfication, as shown by the soap dissolving in water warmed 
on the steam bath without the separation of imdecomposod oil, 
the soap so formed may be thrown out by the addition of a con- 
centrated solution of salt. The separation may bo porf ormcd with 
advantage in tall beakers, which should bo placed on tlio water- 
bath until the soap has assumed such a condition that on cooling 
it can be removed as a solid cake. (See also 15.) 

A measured portion of the ayutmus liquid, after the removal of 
the soap, may be concentrated ou the water-bath, or preferably 
at a temperature of 70 to 80, and the residue treated with 
absolute alcohol, or better with a mixture of about throe volumes 
of absolute alcohol to one to two of ethor, winch dissolves the 
glycerine liberated by the decomposition of the oil. On ovaporat 
mg this solution the glycerine remains behind as a sweet syrupy 
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liquid. It is optically inactive, and yields acrolein when heated with 
acid sulphate of potassium. If the soap, after removal from the 
liquid, is washed several times with solution of salt and the wash- 
ings added to the liquid in the beaker, then the glycerine obtained 
as described may be weighed. The estimation is not free from 
error, but it permits of an approximately correct idea being formed 
of the quantity of glycerine contained in the fat. (See 128.) 

14. Celylr, Cerotyl-, Melyl- Alcohol. In solid fats, especially in 
the so-called vegetable wax, cetyl, cerotyl, or melyl may be present 
as bases instead of glyceryl, in which case the fat is much more 
difficult to saponify than it otherwise would have been and there 
is formed, in addition to the soap, a kind of alcoholate of the fat- 
alcohoL If to such a mixture of soap and alcoholate solution of 
chloride of barium is added, a barium soap insoluble in alcohol 
and ether is generally precipitated, whilst cebyl-, cerotyl-, or melyl- 
alcohol is liberated and may be extracted with ether. Or the 
precipitation may be accomplished with acetate of lead (in the 
absence of oleic acid), and the wax-alcohol extracted by ether from 
the dried mass (Of. 126, 129 ) The melting-point (see 
17) and the ultimate analysis will show which of these alcohols 
has boon isolated ( 129) 

Vegetable wut frequently dissolves in boiling absolute alcohol, 
but populates out again on the addition of a little watoi, us a rule 
befoio tlio losms ( 145) 

15 Volatile Fat-Acids In prosecuting the examination of the 
fat-acida the soap obtained in $ 13 is wanned and again decomposed 
with excess of hydiochloric acid, the mixture of fat-acids separated 
from the aqueous liquid, and washed repeatedly with water If 
the odoiu ol the mixtuio points to the presence of a, volatile acul, 
this latter must bo separated fiom tlio lots volatile by distillation 
The distillate should bo saturated with soda, evaporated, the 
residue again decomposed with hydrochloiic acid, and the fatty 
acids separated from the aqueous liquid The possible piosenco of 
valonanic, caproic, caprylic, pelargomc, capnc, and latino ( 130), 
also angelic and mothyl-crotonic acid must bo borne in mind. 
They may be identified by their boiling-points, saturating power 
for bases, and composition. Of course the acid must be tested to 
ascertain if it is a mixture or not of several volatile acids separable 
by fractional distillation. (Of. 25.) 
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16. Lesswlatih Fat-Acids. -K no volatile acids aro present, 
or after their separation by distillation, as directed in 15, the 
less volatile fat-acids may be dissolved in alcohol and subjected 
3n alcoholic solution to a fractional precipitation with acotato of 
magnesium Thia salt precipitates members pf the fat-acid series 
more easily than it does oleio acid and its homolognes, and of the 
fa^acids proper of the OJS^Oa series, those standing highest 
in the series (&e containing the largest number of carbon-atoms) 
axe precipitated first. The magnesium precipitates appear at 
first as soon as the acetate has been added, and in that case, 
after having been veil shaken for some time, they may soon bo 
filtered off But subsequently it becomes necessary to add strong 
solution of ammonia, as well as the magnesium salt, to produce 
precipitation, and to allow the mixture to stand twelve to twenty- 
four hours in a cold place before filtering The fractional preci- 
pitation is so contrived that each precipitate shall weigh about 
1 to 5 grams, and this is continued till the tolerably strongly am- 
moniacal liquid yields no further precipitation on the addition of 
alcoholic solution of acetate of magnesium. Each procipitato 
must be well washed with alcohol and decomposed with hydro- 
chloric acid. The fat-acid must be washed with water, dried, and 
crystallised once from boiling alcohoL After carefully drying the 
crystals the melting-point of each fraction must be taken. Tho 
acids are then recrystallized repeatedly from alcohol, and the 
melting-point again determined. (Of. 130 to 131.) 

17. Determination of Melting-Point. The following in the 
method I adopt when I have only a small quantity of tho 
substance at my disposal I place a minute portion on iho 
surface of mercury contained in a small beaker. Thin JH then 
introduced into a small cylindrical copper air-oven in such a ay 
that it does not rest on the bottom, but remains throo or four 
centimeters from it To allow of careful observation of tho 
substance during the experiment, I use as a cover for tho nir- 
oven an ordinary bottle the bottom of which lioa boon cut oil'. 
A cork, perforated for a thermometer, is thon fitted into tho 
neck The thermometer is now introduced through tho porJfora 
tion into the mercury contained in the beaker plucod juHt bonoiilh, 
until the bulb is completely covered. In doing so it is doHirablo 
that some of the minute fragments of fat-acid, or other sulwtunco 
be as near the bulb as possible. The whole is now hoatod ovor 
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a small flame, so that the temperature rises about 1 every two 
minutes. l 

18. Melting-Points of Fat- Adds The melting-points of the 
several fractions before and after purification are noted. If in 
the same fraction the same melting-point is observed on both 
occasions, or if the estimations show a difference of only 0"5, the 
conclusion may be drawn with tolerable safety that the precipitate 
under examination contains only one fat-acid. The observed 
melting-point is then compared with those of the more important 
fat-acids, and the result arrived at confirmed, if possible, by 
ultimate analysis. 

Experiments that have hitherto been made assign to capric acid 
a melting-point of 30-0; lauric, 43-6; myristic, 53 -8; palmitic, 
62-0; stearic, 69 -2; arachio, 75-7. 

Mixtures of two of these acids in certain proportions possess, as 
the investigations of Heintz 2 have shown, a lower melting-point 
than either of the constituents. Heintz has also noticed that the 
mixture, on solidifying, crystallizes in a characteristic form, or 
remains amorphous, according to the proportion in which the two 
constituents are present 

Mixtui o of 

Mnuuoi of Solidification 
Crystalline scales 

i> 

Delicate crystalline noodles, 

H 11 

Amorphous, lumpy. 
Laige crystalline lamellcc. 

i) 

Amoiphoui, wavy, dnll 
Voiy indistinct neodlos. 
FIDO ciyHtallme needles 
CiyHtnllmo scales 

Crystalline scales. 

11 11 

Scaly and incliHtmct noedles. 

1 For further information about this determination nee also Pohl, in Polyt. 
Contrbl Jg 1866, p 106 , Bergmnnn, in JCunst und Gewerbebl. f. Bayern 
Jtf 1807, Januarheft, Bms, m Annalon d Ohom. und Phann. xhv p. 152, 
Wimmel, in Annal der Physik xxxiii. 121 (Am Journ Phann xli. 22, 430) , 
llodwood, in Phnrm Journ. and Trans [3], vi 1009 (1876). 

3 Annal dor Physik xon. p 688 (Pharm. Journ. and Trans [1], xv. 425) ; 
of ibid. Ixxxiv 226. 

8 Vor particulars of the examination of a fat in which steario, palmitic, and 
myristic acids were found, see Greenish in Pharm. Journ. and Trans. [3], x. 909. 
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Solidifies at 
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90 


10 


672 


625 


80 


20 


653 


603 


70 


30 


629 


69-3 


60 


40 


603 


666 


60 


60 


5(56 


650 


40 


60 


603 


51 5 


30 


70 


651 


540 


20 


80 


67 6 


538 


10 


90 


601 


54 5 





100 


620 





Mittuio of 
Palmitic Acid MynHtioAcid J 
100 


620 




90 


10 


001 


557 


80 


20 


680 


535 
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PalmittoAoid Myiiatic Acid. 


Malta at Solidifies at Manner of Solidification 


70 30 


64-9 


51 3 Extremely fine needles. 


60 40 


51-6 


49 5 Amorphous, Ixtmpy 


60 50 


47-8 


45-3 Large crystalline lamella. 


40 60 


47'0 


43-7 Indistinct lamella. 


80 70 


462 


437 


20 80 


496 


41 '3 Amorphous. 


10 90 


51-8 


45-3 Long needles. 


100 


638 


Crystalline scales. 


Mixture of 






Hyrlstlo Amd. Laurie And. 






100 


688- 


Crystalline scales. 


90 10 


518 


47'3- 


80 20 


49-6" 


44 6 Very minute crystals. 


70 30 


46-7 


39-0- 


60 40 


48-0- 


39*0 Amorphous. 


60 50 


37-4 


35 7 Large crystalline lamellae. 


40 60 


367 


SS'B" Amorphous. 


80 70 


851 


82'8 Amorphous, frond-like. 


20 80 


385 


380 


10 90 


41-3 


36 Crystalline neodles. 


100 


43-6 


Soaly crystals. 


Mixture of 






Steano Add. Mynstio And. 


Malta at 


Miumor of Solidification. 


100 


692 


Soaly crystals. 


90 10 


67-1 


Distinct orystalline soales. 


80 20 


66-0 


Bather leas distinct orystalline scales. 


70 30 


62-8 


Still less distinct crystalline scales ; 






no needles or lamellm. 


60 40 


69-8 


Scaly crystallization commences, no 






trace of neodles or lamellm. 


60 50 


64-5* 


Amorphous, opaque 


40 60 


504 


Beautiful largo crystalline lamollte 


80 70 


48-2' 


Orystalline lamellro 


20 80 


478 


Indibtinctly oryslallino. 


10 90 


sir 


Amoiphous, opotino. 


100 


53'8 


Orystalline scales 


Mixture of 






Polxnitia Acid. Launo Add. 






100 


620- 


Crystalline scales. 


90 10 


698 


Still dihtinct crystalline HCalos. 


80 20 


57'4 


Somewhat lets clutmct oiyst. HCftlow. 


70 30 


64-6 


Stall less distinct oiyutallino Hoalus. 


60 40 


51 '2 


Granular, mdiutmct ciyHtolliuu ucaluH 


50 


470 


Almost amoiphons, opmjno 


40 60 


40 1' 


Beautiful largo cryotallmo lamolltu. 


30 70 


383 


Small crystalline lamolleo. 


20 80 


871* 


Indifltmotly oryutalhne. 


10 90 


41 -6- 


Amorphous. 


100 


48-6 


Crystalline soales. 


Mixture of 






Steonc Add. Launo Aoid 




' 


100 


69-2 


Crystalline soalen. 


90 10 


670' 


Stall distinct oiyatalline scales. 


80 20 


617* 


a 
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Kixturo of 

Btoarlo Acid Lanrlo Add. Molta at Manner of Solidification 

70 30 82-0" Distinctly granular and scaly. 

40 59*0* Granular; commencement of scaly 

crystallization. 

50 50 55'S" Almost amorphous, slightly granular 

40 60 60'8* Amorphous, warty 

30 70 43-4* On the surface shining faces of small 

crystals. 

20 80 885 Amorphous, warty. 

10 90 41-5' Amorphous. 

100 43 6* Crystalline scales. 

Hointz also noticed that a mixture of three fat-acids could melt 
at a still lower temperature, even if the third fat-acid added 
possessed a higher melting-point than either of the others. A 
mixture of 30 parts of palmitic and 70 of myristic acid melts at 
46-2, and solidifies amorphous. To 20 parts of this mixture 
steario acid was added in the following proportions, and melting- 
point and manner of solidification observed . 

Mannar of Solidification 
Amorphous 



Steano Add 


Holts at 


1 


45'2 


2 


445 


3 


440 


4 


438 


5 


44'6- 


G 


456- 


7 


460' 


8 


405' 



To 20 parts of a mixture of 30 parts of myiihtic with 70 of lamie 
acid, molting at 35 1", palmitic acid was added, and the following 
observations made 

I'.ilmiUo Acid Molts til M.umm of Sulidifluilion 

1 33 !)" Auioi pilous 

2 S3 I' 

3 32 2- 

4 -32 r 

5 33 7' 

6 34 G ,, 

7 35 3' 

8 3GO- 

9 37 3* Tndiitmct minute needles. 
10 38 8 Mmulo noodles 

Those tables show clearly that it is important to examine the 
fractions in the succession in which they wore prepared. Foi 
instance, supposing the first precipitate to have yielded a fat- 
acid molting at 68, which might consequently be considered as 
etearic acid, the following precipitates fat-acids melting at about 

2 
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66 '6% and subsequently one melting at 62, the conclusion to bo 
drawn is that the last is palmitic acid, and that the fractions with 
lower melting-points consist of mixtures of stearic and palmitic 
acids. According to Heintz's table a mixture of equal parts of 
stearic and palmitic acid should melt at 56 '6, and assume on 
cooling a lamellar crystalline structure. Should no palmitic acid 
have been found, but in its stead a fat-acid molting at about 63 
to 64, the presence of myristic acid is to be inferred and the 
mixture melting at 66 6 would contain about 66 parts of stooric 
to 45 of myrifltio acid. 

It is easy therefore to understand that if those observations bo 
correctly interpreted a rough judgment may bo formed of tlio 
imount of the separate acids present in the fat. 

At the ordinary temperature pure stearic a&d dissolves in about 
40 parts of absolute alcohol, but in much less ethor. When 
suspended in water it may easily be collected and removed by 
agitation with the latter solvent. The barium and calcium ealts 
are soluble in boiling alcohol, but the major part separates out 
again on cooling. 

Palmitic acid dissolves much more easily in worm and cold 
alcohol, and is very soluble in ether. It may also bo collected 
when suspended in water by shaking with ether. 

19. Oleic Acid, etc. The alcoholic liquid from 16, which 
gives no further precipitate on the addition of acotato of magne- 
sium and ammonia, may be freed from alcohol by distillation 
under diminished pressure. That may bo accomplished, both in 
this and many other cases, in the following manner- A retort 
is charged with the liquid, into which a few piocos of scrap 
platinum may with advantage bo introduced, and attached to a 
Liebig's condenser provided with a tubulated receiver, caro being 
taken that all connections are air-tight. The exhausting tube of 
a Bunsen's air-pump is then introduced into tho tubulnro of tlio 
receiver. Even if tho evacuation bo earned to only ono-half an 
atmosphoro, aqueous infusions, etc. , may be rapidly conccn ti a l,od on 
tho wator-bath and decomposition thus avoided which would other- 
wise easily bo caused by overheating, or by the action of tho air, otc. 

After tho recovery of the alcohol by distillation, tho residue is 
poured from tho retort, which may be rinsed with a little water, 
aud acidulated with hydrochloric acid. The fat-acid which col- 
lects on tho surface of the liquid may bo removed mechanically, 
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or by agitation with, ether. In examining these acids attention 
must bo paid to tho possible presence of members of the oletc-acid 
series ( 130, 131) and of tho allied ricmoleic add. (See also 12.) 
As a preliminary operation on ultimate analysis may be made ; 
and if this, as well as the reactions of the oil already observed, 
does not point directly to a particular acid, an attempt must be 
made to accomplish a separation either by treating the plaster 
obtained by heating tho fat-acid with oxide of lead, with ether 
(which dissolves oloato of load) or absolute alcohol ; or by frac- 
tionally precipitating an alcoholic solution of a soda-soap with, 
acetate of barium, or acetate or chloride of calcium ( 130, 131). 

CHLOROPHYLL AND ALKALOIDS EXTRACTED SIMULTANEOUSLY 
WITH THE FIXED OIL. 

20. Chlorophyll The petroloum-spint extract of vegetable 
substances often shows a green colour by transmitted light 
This is generally due to chlorophyll Such solutions are usually . 
fluorescent, and appear blood-red by reflected light Pure chloro- 
phyll is only slightly soluble in petroleum spirit, and its presence 
in this extract is accounted for by the influence exorcised 
mpon its solubility by the fixed oil That tho green colour is 
roally duo to chloiophyll may easily bo shown by spoctroscopic 
examination Wlnto light, on passing through a solution of this 
subnlanco, undergoes a chango in vanous of its constituent 
colours, as shown by tho absorption bands in tlio spectrum If 
tho Fraunhofor lino A correspond to 17 on the scale, 13 to 28, 
to 31, 1) to 50, and F to 90, tlicio aio observable in the 
spectrum (compaio Table 1 to 1 IS, Nos 13 and U) 1 four 
absorption lunds situated between T> and F, tlio darkest of which 
extends from 30 to 42, and tlio icinamiim; thrco from 44 to DO, 52 
to 5G, and 58 to GO rospoclivoly Fi om HO to the end the spectium 
giadually darkens Of those absorption bands only tho fust two 
can bo observed in dilute solutions, and tho 1 dative amount of 
chlorophyll dissolved may l>o judged from tlio presence or absence 
of tho others. It would bo scaiooly possible to obtain absolute 
values for tho amount of chloiophyll present, as liquids containing 
but very small quantities of that body are comparatively deeply 
coloured Moreover, no method lias hitherto boon found available 

1 In examining a frost loaf, only the most marked line between B and ia 
soon Compare Vogel, Ber. d. d. chem Gas B xi pp 623, 1307 (1878) 

5! 5 
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for separating chlorophyll from the substances that accompany it. 
But if series of analyses are to be made with tho same plantj to 
determine the changes it undergoes under the influence of tho 
seasons, or certain conditions of cultivation, etc., the relative 
quantity of chlorophyll may be estimated by the optical (colori- 
metric) method. It is better, however, to use alcohol or ether instead 
of petroleum spirit, as the latter does not usually extract tho whole 
of the chlorophyll present Admixture of foreign colouring matter 
may be avoided by first extracting the material several times with 
water, and drying the residue at the lowest temperature possible. 
Tho chlorophyll may then be dissolved out by alcohol or other. 
(See further in 37, 132.) 

Under tho nMcroscope chlorophyll is soon to bo associated with 
semi-fluid substances allied to protoplasm, often in the form ot 
small granules (the so-called chlorophyll-granules), from which it 
may be extracted by alcohol It is more rarely found equally dis- 
tributed throughout the whole of tho protoplasm covering tho 
inner surface of tho cell wall. It is bleached by chlorine and can 
de Labarraquo , tho green colour is changed to yellow by dilute 
acids, and blue by concentrated hydrochloric acid. 

21. Alkaloids extracted by Petroleum Spirit. Parts of plants con- 
taining alkaloid may, when, extracted with petroleum spirit, yield 
some of the alkaloid, together with fixed oil, to that menstruum, 
even whon tho pure alkaloid is insoluble in it Horo, too, it lu tho 
fixed oil that detei mines the solution of the alkaloid Tho proaonoo 
of tho latter may bo detected by evaporating tho petroleum-spin I 
solution, shaking the residue with water acidulated with sulphuiir 
acid, and separating the aquoous from the oily liquid. Should an 
emulsion have boon formed, separation may bo induced by allow- 
ing tho mixture to stand at a temperature of 40 to flO". Tho 
last traces of suspended fat may bo removed from tho acid liquid by 
shaking with petroleum spirit, and tho prcsonco of alkaloid demon- 
strated by tho usual reagents (Of. 63.) Tho amount wjll not 
often bo largo enough to causo a perceptible error in tho determi- 
nation of the fixod oil. But in dealing with very small quantition 
of alkaloid tho estimation of tho latter may, under thcso circum- 
stances, bo appreciably affected , cases occur in which ovon tho 
whole of tho alkaloid present passes into solution with tho oil, 
and would be overlooked if attention were not paid to this pro- 
perty of fixed oil. On that account tho potroloum-spiriL solution 
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must be treated as above described, and the alkaloid so isolated 
added to the extracts in which vegetable bases are to be looked for. 

EXAMINATION OF THE ETHEREAL OIL. 

22. Detection and Estimation. Hero, as in 11, we will first 
discuss the simpler case, viz., that in which tho petroleum spirit 
has removed ethereal, but no fixed oil, or at least only a very 
small quantity. 

Like fixed oil, ethereal oil may also be frequently recognised 
under the microscope as highly refracting globules, or drops of 
irregular shape, which are soluble in cold alcohol (fixed oil dissolves 
usually in warm spirit only, if indeed it is soluble at all) and in- 
soluble in water. Some of them yield even under the microscope 
several of the characteristic colour-reactions described in 142. 

We have now to estimate the amount of ethereal oil present 
as accurately as possible, without using any very large quantity 
of material. Prom experiments made by Osse 1 the following 
method would appear to be the best A quantity of the 
petroleum-spirit solution is accurately measured on to a carefully 
tared glass dish, which ctin be closed air-tight (Cf 9,) If 5 cc. 
of tlio solution correspond to 1 gram of substance, 1 to 2 cc will 
bo found to bo sufficient Tho glass dish containing tho potroloum- 
spirit solution is then placed under a tubulated glass boll-jar 




(Fig. 1), A, with ground cclgos resting on a ground-gloss plato. 
Two gloss tubes oro then introduced through the tubiiluro , ono 
of them (b) roaches nearly to tho suiface of tho liquid to bo 
cvaporntcd, tho other (a) is cut off close bolow tho cork, and con- 
nected with an aspirator (#), so that a current of dry air may bo 

1 Arolnv d. Phorm [3], vii 104 (1875) (Year-book Pharni 1876, i!02). 
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drawn through -Hie apparatus, entering by the tube &, and 
passing out through a. A chloride of calcium tube (c) is placed 
before 6, and another between a and j?, the former to dry the air 
entering the apparatus, the letter to prevent moist air from tho 
aspirator passing into A. These precautions are necessary, for 
if the atmosphere in which the evaporation of the petroleum 
spirit is to take place be not completely dried, moiature may bo 
deposited on the glass dish containing the solution, in consequence 
of the cold produced by evaporation, thus causing, of course, an 
increase of weight. It is advisable, therefore, to connect tho first 
chloride of calcium tube (c) with a Wolff's bottle one-third full of 
concentrated sulphuric acid. A current of air is then passed 
through the apparatus and the petroleum spirit allowed to- 
evaporate at tho ordinary temperature until the operation 
appears complete; that is, until the residue has only a slight 
smell of petroleum spirit Tho glass dish is then closed and 
weighed. After the weight has been accurately taken, it is again 
opened, exposed for one minute to tho air, closed and again 
weighed, and tho alternate exposure and weighing ropoatod until 
the same loss in weight is observed twice in succession. This 
loss is then assumed to be the amount of ethereal oil that diffuses 
into the air per minute. It is also assumed that during every 
previous exposure of one minuto tho samo weight of ethereal oil 
has evaporated, so that to tho quantity of oil as found by tho 
last weighing there has to bo added tho ' co-efficient of evapora- 
tion,' multiplied by tho number of mmutos tho dish has boon 
exposed. (Compare tho examples of estimation in 13C.) If tho 
coefficient of evaporation is loss than one milligram this cor- 
rection may bo omitted Perhaps it would bo advantageous to 
pass a current of carbonic acid through tho apparatus during tlm 
evaporation of tho petroleum spirit, as many othoroiU oils 
much more slowly into that gas than into atmospheric nir 
23. In Presence of Fat und Rexm. After thus dotor 
tho weight of the substances dissolved in a known quantity of 
petroleum spirit, it must bo ascertained whoLlior tho niHuluo after 
evaporation is completely volatile at 110, or loaves u non- volatile 
residue of resinous or fatty matter. Intlio latter csuso Uio weight 
must be determined and deducted from that obtained in 21 
(See 138.) If tho non-volatilo part constitutes the majority of 
the dissolved substances it may bo ascertained, after tho removal 
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of tho pthoreal oil by evaporation, whether tho residue is now 
still completely soluble m petroleum spirit. Resins which, in a 
state of purity, are iiot dissolved by petroleum spirit, may bo taken 
into solution by moans of ethereal oil, just as fixed oil carries 
with it alkaloids and chlorophyll; they are loft undissolved on 
again treating with petroleum spirit the residue freed from 
ethereal oiL After having removed by this solvent the fixed 
oil, etc , that has boon simultaneously extracted, the resin may be 
weighed alone (146). 

Of course it is advisable to repeat the experiments described in 
22, 23 several times, and take tho mean of tho results. I need 
scarcely say ( that this method of determining the total ethereal oil 
does not guarantee any absolute accuracy, but as it is the only 
one wo have at our disposition it might, for the time at least, be 
deserving of some notice. With less volatile oils, cinnamon, 
clove, etc., it has yielded very satisfactory results, but less so with 
terpencs, such as oil of lemon and turpentine 

24.. Distillation of Larger Quantities of Oil. If a further insight 
into the composition of tho ethereal oil is desired, a larger quantity 
must bo pioptuod horn f> to 100 kilograms of matonal For this 
piuposo distillation in a cm lent of supeihcatod steam is to bo 
looonimendod, tho matonal having boon if necoshary pieviou&ly 
cominmutod and soaked in watoi In older that tho steam may 
thoroughly penetrate it the apparatus should l>o packed AVith 
alternate layois oi nutoiul and stuiw A distillate consisting ot 
essential oil and watci will bo obUmed which may bo nopaiatcd 
fioni onii anothoi in buiettcs oi Florentine llosks It should not, 
howovci, 1)0 foi gotten th.it many etheieal oils aic 1 toloiably caaily 
soluble in watci, ami u small quantity ot petroleum sjmit of low 
l)oihng-point should thou-toio l>o shaken with successive poitions 
of tho aqueous distillate The potioloum smut is allowed to 
evaporate in a cuuont oi c.ubonio acid in tho apptuatus dosciibod 
in 22, and tho residue added to tlio oil separated from the distil- 
late (g 137) 

2f) fijwiuntttion oj udifiicoiis Ditfillttla Aftoi separation of 
tho oil, tho action oi tho watery liquid on litmus should bo 
tested. It will bo frequently found to possess a distinct acid 
loaction, and contain Jor'inic, acetic, or other volatile acids of the 
fat-acid seiies. In such a case tho higher acids in tho series 
may bo removed by shaking with other or petroleum spuit. To 
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obtain all, including those standing lower in the series, the aqueous 
distillate may be saturated . with soda, concentrated and acidified 
with sulphuric acid (1-6). If an oily acid separates from the 
aqueous liquid, angelic or valerianic acid, or an acid higher in the 
series, may bo looked for. (The test of smell, boiling-point, etc., 
may be applied, and the ultimate analysis made.) Further in- 
formation on this point may be found in 139, 140. If the acid 
liberated is soluble in water, an attempt to separate it by the addi- 
tion of chloride of calcium may meet with success. Should that not 

f be the case, formic and acetic acids may finally be tested for (be- 
haviour to mercuric chloride, ferric chloride and nitrate of silver, 
the latter also reduced by acrylic acid) as well as salicylous acid. 
The last-named acid stakes a violet colour with feme chloride 
(See also 33 ) Salicylous acid may likewise be separated from 
its aqueous solution by shaking with other. . For hydrocyanic 
acid see Si. 

Toxicodendric add, to which Maisch partly attributes tho poisonous 
properties of Ehus toxicodendron, appears to possess groat simi- 
larity with formic, acetic, and acrylic acid It may bo isolated 
by distillation, and like formic acid reduces nitrate of silver and 
chloride of gold slowly in the cold, quickly on warming. But it 
does not reduce morcurous nitrate or chromic acid as formic acid 
does, nor does it yield the iron reaction characteristic of acetic 
acid, etc.; the mercuric salt dissolves with difficulty in water 1 

* (formic acid reduces mercuric to mercurous chloride). 

26 Salicylic, Benzoic Acid, etc. It must also bo borne in mind 
that some of the acids of the aromatic series, such as salicylic anil 
benzoic add ( 55), are volatile with the vapour of water at 
temperatures as low as 100, and may therefore bo carried over 
with the steam m distilling tho ethereal oil On shaking tho 
distillate with petroleum spirit small quantities of salicylic acid ai o 
removed, but ether and chloroform may be more advantageously 
employed; the latter liquid is alpo adapted for tho isolation o 
benzoic acid. On evaporating the ethereal or ohloroforxnie (or 
petroleum spirit) solution, both benzoic and salicylic acid are 
obtained as crystalline residues difficultly soluble in cold water 
(salicylic acid about 1 m 300). 2 The two acids may bo dis- 

1 Oonf Amer. Journal of Pharmacy, ixxviij, D (1868). 

a For particulars of the detection of soli cylio acid in Viola tricolor by Mandolin 
m my lab oratory, see Sitzungsber. d Dorpater Natuif GesoUuoh, Jg. 1879, p 77, 
and Djfla. Dorpat , 1881 ; also Pharm. Journ. and Trana. [3] adl. 027. 
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tinguished by their behaviour to ferric chloride, with which, 
salicylic acid strikes tho well-known violet colour, Benzoic acid 
may bo easily sublimed between watch-glasses. Dissolved jn a 
drop of ammonia, the excess of which is allowed to evaporate by 
exposure to the air, a drop of ferric*ohloride produces a brownish 
tinge. 

Cinnamic add may also be similarly distilled over, and separated 
from tfye distillate. It may bo distinguished from both tho fore- 
going acids by its behaviour to oxidizing agents such as perman- 
ganate of potassium, with which an aqueous solution yields on 
wanning oil of bitter almonds, whereas benzoic acid yields the 
flame product when acted upon by a reducing agent such as 
sodium-amalgam, (See also 38.) 

Any cinnamic acid present might in certain cases have been 
produced from ethereal salts, such as, for example, styracm 
(cinnamato of cinnamyl), or cinnamem (cinnamate of benzyl). 
Both of those compounds are soluble in petroleum spirit, and are 
resolved, by decomposition with an alkali, into cinnamic acid and 
tho respective alcohol. Styracin crystallizes in needles, which, 
according to Scharlmg, 1 molt at 44 Cmnamcm is liquid at the 
ordinal y temperature The former lias an odoui resembling 
vanilla, the lutlor a faint Hmcll of balaam of Peru 

If ono of tho tin oo acids mentioned has been isolated, special 
earo should bo taken to ascertain whothoi tho corresponding 
<il(khy/lc is also piosent in the aqueous liquid, viz , salicylio, bonzoic 
(oil of bitter almonds), or cinnamic aldehyde, and whethoi the aeid 
has not been produced from the aldehyde by absoiplion of oxygen 
during or after distillation ( 33). 

27 PJujkual riopcitws Tho puneipal pait of the oil ob- 
tained by distillation should bo completely fieoil fiom moisture, 
iiltorod and tested with icgard to its consistence If, on standing 
Homo timo in a freezing mixture, a ciy stall mo constituent bo 
deposited it should bo separated and examined by itself The 
:iction of the oil on polarised hgJit should bo observed ( 141), and 
fluorescence looked for ; if present, it should bo ascertained whether 
warm water will remove a substance fluorescent either alone or on 

i Annalun d Chemle u Pharm. Ixviu 168 Seo also Rugheimer DiMorta- 
tion, Tubingen, 1873 , Kraufc, Annalon der Ohamie u Pharm olu 129 (1869) ; 
(Amur Journ Pharm xlii. 236) ; and Von Muller, Bar d. d chem Ges Jg 
1870, 274 
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the addition of caustic potash. Any resin that may have boon 
obtained in the quantitative estimation of the oil ( 23), should 
be tested for a fluorescent substance by treating with distilled, or, 
i necessary, alkaline water ; umlelliferone should be specially borno 
in mind ( 43). The resinous constituents, which will bo sub- 
sequently isolated according to 36, et seq., may bo examined for 
Ttmbelliferone by mixing with sand and submitting to destructive 
distillation, or by heating in sealed tubes with alcoholic solution 
<jf hydrochloric acid. 

Further, the specific gravity of ethereal oils should bo taken. 
"Westphal's specific-gravity balance may be advantagoounly oiu- 
ployed for this purpose, especially if the quantity of oil at disown! 
is rather small (Of. 141.) 

It should also be ascertained what percentage of pure alcolwl 
a spirit must contain to be miscible with the oil in all proportions. 
A drop only of spirit is first added to the sarno quantity of oil, 
and if the resulting mixture is perfectly clear, note should bo 
taken whether the further addition of spirit cause a cloudinoss or 
not It is, however, only with freshly-prepared oil that such 
reactions can be considered as characteristic of the oil Many 
oils undergo a change on keeping for any length of time, becoming 
more or less soluble in alcohol, or form ing clear mixtures wiLh 
small proportions, but cloudy with larger ( 141). 

28. Reactions It is, inorebvor, desirable to make quuliklivo 
experiments with small quantities of the ethereal oil, in order to 
become acquainted with then: behaviour to somo fowro-iigonlh 
For this purpose I have recommended sulphuric acid, ulono or 
applied in combination with sugar, nitro, or fonic chlondo , mint: 
acid, alcoholic hydrochloric acid, solution of brommo in cliloru 
form, picnc acid, etc. 

For the results which I myself, and somo of my pupils, htivt! 
obtained with the more important ethereal oils, see 1 1'2 

29. Detection of Sulphur. Some ethereal oils conl,im Miljilmi, 
which may be detected by mixing a few drops of tho oil with 
carbonate of soda and nitre, and introducing it mlo u piooo of 
combustion tubing, about 15 ctm long, sealed at one cud. Tho 
upper part of the tube is then charged with a similar mixture oC 
soda and nitre, and the whole ignited as if it were an ultimate, 
analysis in miniature. About one-third of the mass from tho 
bottom of the tube upwards is then dissolved in a little wulor, 
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heated with excess of hydrochloric acid as long as nitrous fumes 
are evolved, and then tested for sulphuric acid by chloride of 
barium. 

Warming a small quantity of an ethereal oil containing sulphur 
with a solution of caustic potash of specific gravity 1-3, and adding 
nitro-prussido of sodium, after diluting with water, often suffices 
to show tho presence of sulphur by the sulphide of potassium 
formed striking a bluish-violet colour with the nitro-prusside. 

Some ethereal oils contain nihogen, and many of these are re- 
garded as nitriles. This element may be detected by heating a drop 
of tho oil with metallic sodium, dissolving the cooled mass in water, 
adding a drop of solution of ferric and ferrous salt, and, after a few 
minutes, acidifying with hydrochloric acid, when a precipitate of 
Prussian blue makes its appearance if nitrogen is present 

IE the ethereal oil contains a sulpJiocyanide (oil of mustard or 
horse-radish), both the sulphur and nitrogen test must yield a 
positive result. 

30. Constituents Ethereal oils distilled from vegetable sub- 
stances are generally mixtures that can bo separated into their 
constituents If tins is to bo attempted wo must, from tho first, 
admit that, in tho piosent fatato of oiu knowledge, an oxact 
quantitative separation is not to l>o thought of Tho puncipal 
ro.ison for lliih must ho sought for in the ouso \\itli uhich othcical 
oiln undergo decomposition, and tho gioat disposition many of 
thorn show to Eoim polymors In tho inujonty or cases only one 
inothod of sopaiatni"; tho constituents of an oil is feasible, viz , 
that (rffittrlwiml diMtlion, which must he lepoated until pioducts 
of constant boiling point luiui been obtained I Jut it is in this 
very distillation that a ehaniy in thu oil often ial.es pl.u-e, cithoi 
by tho formation of polymeis or tho original oil with higher 
boiling-points, or by tho pioduction of hydrocarbons by tho 
hboiation of tho elements of wutoi fiom constituents of the oil 
containing oxygon. 

AnimpoiLsuit improvement in thcso operations might poihaps 
ho mado in conducting tho distillations under diminished pressure 
[11 01 dor to make this modification available, tho tomporatuio 
must first ho ascertained at which tho more commonly occurring 
constituents of oils can bo distilled Many of tho terpcnos present 
in othoroul oils may bo distilled under the ordinary ^pressure at 
IfiD" to 157, many of their polymers at about 190, othcis at 
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about 250. This knowledge forma, of course, a good basis on 
winch a separation may be attempted, 

For these and other fractional distillations which may havo to 
be performed in the analysis of plants, small flasks provided with 
the dephlegmators recommended by Linneman may bo used. 
<Cf. US.) 

31. Stearoptenes, etc. The following are the moro important 
constituents of ethereal oils that have up to the present timo 
been observed : Terpenes of the composition 10 H 10 often boiling 
at 155 to 157; polymers of the same, of the formula lfi IJ 2l 
and O^Hga, boiling frequently at about 190 or about 260 ; 
oxygenated compounds of the formula 10 H 20 0, 10 H 18 0, 10 H 10 0, 
C 10 H 14 0, OjoH^O, O^H^Og ; hydrocarbons of the formula 10 H U 
are more rarely to be found ; still less frequently tihoso of tho 
CJB^, senes. Of these constituents of oils, it is noticoablo that/ 
those containing oxygen crystallize in the cold more readily than 
hydrocarbons of the formula C 10 H 10 , and to the former, therefore, 
our attention must be specially directed in the examination of 
the crystalline 'stearoptenes' obtained by cooling the oils (with 
the exception of otto of roses = OoHj,,). 

If such a stearoptene has been isolated, its purification should 
be attempted by repeatedly crystallizing from alcohol or other, 
pressing the crystals each time between blotting-paper. Tho co- 
efficient of refraction may then be ascertained in tho alcoholic 
solution of the pure substance ; the melting-point, boiling-point, 
and vapour-density determined , and, finally, an ultimate anulyms 
made. It should also be ascertained whether hydrocarbons win 
be obtained by distillation over phosphoric anhydride or chloride 
of zinc. 

The liquid portions of the various fractions should bo subjected 
to similar experiments, with the exception of tho last It ml] 
frequently be found that ethereal oils containing oxygon, as woll 
as those containing hydrocarbons, of the formula C ]fl ir oi and 
C 2o H 32> 7 ield very characteristic colour reactions with tho re- 
agents detailed in 28, 142 , whilst oils consisting principally of 
terpenes of the formula C 10 H lfl show less inclination to give 
marked reactions. These latter oils may often bo purified for 
ultimate analysis by distillation over metallic sodium. 

32. Other Constituents Besides tho constituents already mon- 
tioned-which indeed, although frequently agreeing in thoir 
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composition, have, when prepared from different ^Ittnta, 
dissimilar properties (odour, behaviour to polarised ^Hgl 
some ethereal oils contam other substances -which may belong to 
tolerably distant groups. Aldehydes, ethereal salts, alcohols, 
acids, etc., have boon found in various oils. 

33. Aldehydes. It an aldehyde is to be looked for in an 
ethereal oil, it must first be ascertained whether that oil precipitates 
metallic silver from an ammoniacal solution of the nitrate. 1 If 
this is the case, it must bo shaken with a concentrated solution 
of acid sulphite of soda. The majority of aldehydes are dissolved 
by acid sulphite of soda, and may be separated from other consti- 
tuents which do not enter into such combination by removing the 
aqueous liqui L The aldehyde may then be liberated from com- 
bination by neutralizing with caustic soda or decomposing with 
dilute sulphuric acid, and, when thus separated, should be tested 
as to its physical properties, odour, etc. It should also be ascer- 
tained if it produces a crystalline precipitate in ethereal solution 
of ammonia Finally, an ultimate analysis may be made 

Of the aldehydes to which particular attention should be 
directed, I may mention those of pelargonic, capnc and mothyl- 
capric acid, of angelic, cinnamic, salicylic, and bcuzoic acid 
( 2H, 2G) Many, poihapq all, vegetable substances contain- 
ing chlorophyll, when distilled m tho fresh stuto, appear to 
yield. a substance with tho charactcis of an aldehyde 2 

34 ydtttile Jlcids Acids may bo removal fimn the pthorotil 
oil by shaking with dilute solution of pot-ash 01 soda, and may lie 
lilxmitod, after evaporation of tho solution, by 1-ho addition of 
dilute wilphinic acid. (Cf t$ 25, 139) Uowilcs tho volalilo 
acids ahoady mentioned, tho possible presence of hydrocyanic; 
acid, which i.s paitially conveitod. into formic acid by shaking 
with soda, is nob to ho forgotten. It may best bo looked for in 
tho aqueous part of tho distillate ( 25), and recognised by the 
well-known silver piecipitato and sulnhocyamdo and Prussian- 
blue tests 

35 EtJwreal Salts If an essential oil is to bo examined for 
ethereal salts that may bo mixed with it, it should bo remembered 
that such salts may be decomposed by heating in autoclaves with 

3 Seo Tollenfl, Bor d d chem -Sen xv. 1635 ; Sftlkowsld, ibid, 1739 (1882) 
3 Soo Bcr d d ohem. Ges. xiv. 2144, 2608, for an account of thw most 
intoroBtinc observation. 

2867 
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solution of caustic soda or with baryta-water, yielding a salt of the 
acid, and the alcohol corresponding to the basic radical contained 
ia them. This latter body may bo separated by distillation. 1 
Acetate of ootyl, which occurs in the oil of Heracleiim, would 
thus yield an acetate and ootyl alcohol. Certain substitution 
acids, such as methyl-salicylic acid, might be similarly decom- 
posed, this, for instance, would yield a sahcylate and methyho 
alcohol The latter class of compounds would split up on treat- 
ment with hydnodic acid ; methyl-salicylic acid would thus yield 
iodide of methyl and salicylic acid. 

If the alcohols and iodides thus liberated are tolerably freely 
soluble in water, and therefore not mechanically separable, thoy 
must be removed by fractional distillation, in which chloride of 
calcium and other hygroscopic substances may be often used with 
success. 3 Their identification should rest upon the determination 
of boiling-point and vapour-density, and the ultimate analysis. 
The same applies in the case of an ethereal oil containing an 
alcohol aprwn. 

Of the alcohols that may be more commonly separated from 
ethereal oils, methyl alcohol boils at 58 6, ethyl at 78-4, propyl at 
96, isopropyl at 83 to 84, butyl at 116, isobutyl at 109, amyl 
At 130, pseudo-amyl at 120", hexyl at 157, hepty] 175-5 to 
177-5, octyl at 196 to 197. 

To distinguish between a primary, secondary, and tertiary 
.alcohol, V. Meyer and Locher recommend conversion into iodide. 
This is mixed with twice its weight of nitrate of silver and a littlo 
aandj and distilled, the distillate shaken with strong solution of 
caustic potash and nitrite of potassium, and then acidified ycith 
dilute sulphuric acid. If a primary alcohol is present the mixture 
will turn red, if a secondary, blue (which may be removed by 
shaking with chloroform), whilst tertiary alcohols give colourless 
products of decomposition. In the series of secondaiy alcohols 
the reaction succeeds as far as amyl alcohol, in the series of primary 
alcohols as far as octyl alcohol (G-utknecht) 3 

Tho acids separated from the ethereal salts, obtained by decom- 
posing tho alkali or barium salt with sulphuric or phosphoric acid, 
may bo examined according to tho directions given in 25, 34, 1,80. 

1 Of Wanldyn, Chem. News, xxvi 181. 

3 If the ethereal bolt yield etlryhc alcohol as a product of decomposition, 
the amount may he directly estimated h om the specific gi avity of the dwtillftto. 
8 See also Hail nnd TJrech, Bei d d chem. Gee. \v. 1249 (1882), 
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EXAMINATION OF THE SUBSTANCES SOLUBLE IN ETHER. 

RESINS AND THEIR ALLIES. 

36. Extraction. After the examination of the substances dis- 
solved in petroleum-spirit has been carried as far as possible, 
the residue (cf. 9), thoroughly washed with the menstruum, 
should be removed from the filter (which is to be kept) dried at 
the ordinary temperature, and then macerated for seven to eight 
days with pure ether. It is advisable to use the same vessel that 
has been employed for the treatment with petroleum spirit. If 
it has been woll washed there is no necessity for being minutely 
particular to bring the whole of the residue on to the filter The 
same vessel should, if possible, bo reserved for tlio extraction 
with alcohol, to bo described in 47, and the nitration oflbctcd 
through tlio same filter that lias ahoady done duty foi tho 
petroleum spirit and other extracts I allow tlio etlioi destined 
for this purpose to stand for several weeks over porous chlondo 
of calcium, and then rectify it after ciuofully separating tho 
calcium salt. To obtain constant results in such analysis it is 
necessary to have the ether a.s- fiee an powibh fiom uater and 
dcolwl Ordinary commoicial other would, foi instance, extract 
a portion of the tannin (sometimes more, sometimes loss) from 
parts of plants containing that substance, whilst other, purified as 
described, does not usually produce this effect As it is not well 
possible to remove the whole of the tannin with commercial 
other, I prefer to refrain from extracting any of it with that 
menstruum, and remove tho whole subsequently with alcohol To 
attain this end I avoid tho employment of a high temperature in 
extracting with other Indeed, I am of opinion that in tho course 
of tho analysis of plants, it is bettor in the majority of cases to 
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allow 'the solvent to act at the ordinary temperature. Some- 
instances of special estimations may be exeeptod in which separata 
portions of the material may be extracted warm. 

After allowing the maceration with ether to proceed for about 
eight days, the first estimation to be made is that of the total 
substances dissolved, which may be effected by evaporating 
an aliquot part, or the whole of the extract, in a flat-bottomod 
glass dish. I usually employ a measured quantity of other, say 
5 to 10 cc., for every gram of substance under examination, 
macerate in a well-closed flask, and replace any ether that may 
have been lost by evaporation during the process. After well 
shaking I take a certain number of cc. of the clear or (cf. 9) 
filtered liquid for evaporation. The residue must bo dried at 
100" to 110, till the weight is constant, and this then noted. 
It should be ascertained whether any fatty matter which has 
escaped extraction with petroleum spirit is mixed with the residuo, 
and if this is the case it should, if possible, be removed by wash- 
ing with the latter liquid, its weight noted, added to the amount 
found in 9, and subtracted from the substances dissolved by 
ether. It must also be borne in mind that all fats are not neces- 
sarily soluble in petroleum spirit. It is well-known that castor oil 
forms clear mixtures with certain, but not all proportions of that 
solvent. 1 

The remainder of the ethereal extract is filtered from tho 
residual powder, the latter washed, and extract and washings 
allowed to evaporate at the ordinary tempoi attire. Tho residue 
of the substance is freed from ether at the same temperature us 
speedily as possible. 

37. Chlorophyll Tho ethereal extract may also be tested 
before evaporation for chlorophyll, as described in 20, 132, ci setj. 
I have already observed that this substance is more easily and 
completely removed by ether than by petroleum spmt. 

38. Portion Soluble in Water That part of tho clhorciil 
extract which has been evaporated at the ordinary temperature 
may, if possible, bo powdered or brought into as fine a state of 
division as practicable by triturating with washed sand or pure 
siliceous earth (Kieselgvhr), and treated with cold water. In tho 
aqueous solution substances soluble in water, such as hccinatojrylm t 
gallic acid, catechm, pyrocatechm, salicylic acid, benzoic acid, 
1 Johrb. f. Phann 1878, p. 369 (Yoflr-book Pharm. 1876, p. 366). 
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saltern, and other glucosides, and al/xdoids may be looked for. Tho 
latter, however, may, as a rule, be more easily extracted with 
water containing acetic or sulphuric acid. A measured portion 
of the aqueous liquid may be evaporated, and the residue weighed. 
For the detection of hsamatoxylm and allied substances see 150 ; 
of gallic acid, etc., 151 ; of salicylic and benzoic acid, 26, 34 ; 
of glucosides, 54 et seq., 165 etseq. ; of alkaloids especially, g 63 
et seq., 171 et seq. 

39. Portion Soluble in Mcohol. The part insoluble in water 
should be again dried and extracted in a similar manner with 
absolute alcohol. If the plants under examination contain much 
resin it will often be observed that a part only of the resinous 
constituents, etc., dissolves in alcohol The amount of matter 
.soluble in alcohol, as well as in ether, must then be determined 
by evaporating the alcoholic solution and weighing the residue. 

We have thus determined (a) the total substances dissolved by 
other, (b) any fat that may have been extracted, (c) the substances 
soluble in ether and water, (d) substances insoluble in water, 
soluble in ether and in alcohol, and (e) substances extracted by 
.ether insoluble in watei and alcohol 

The next step is to obtain a fiu-ther insight into tlio nature ot 
the resinous substances soluble in other tilone, as well as thoso 
soluble in ether and alcohol. 

40 Mia ocfomical EmnunaUon The microscopical examina- 
tion shows that the resins are present partly in the coll wall, 
saturating it as it wore, and partly in tlio fonn of exudations 
either within or upon tlio cells Special attention should bo paid 
to their insolubility in watci, solubility in alcohol or ethei, to the 
red colour which, accoiding to Mullor, is pioducod with resins by 
iilcohohc tincture of alkanna, violot 01 bluo (Ilanstom) by aniline 
.Some of the leactions enumerated in 14G might also bo made 
available for microchomical analysis. 

In the macrochomical examination it should first bo ascertained 
whether the resin cannot bo separated into different component 
parts by the use of other solvents, such as chloroform, benzene, 
bisulphide of carbon, acetone, acetic other, or boiling absolute 
alcohol, or finally by precipitating the concentrated ethereal 
solution with alcohol, petroleum spirit, or other suitable liquid. 
Similarly, if a substance soluble in ether has not from the first 
been obtained in crystals, slow evaporation of the solution in the 

3 
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lastnamod solvents (prepared worm if necessary) should bo 
resorted to in the attempt to crystallize the substance, or to 
separate it into a crystalline and an amorphous portion. 

If the endeavour to obtain crystals he successful, the crystallino 
form should if possible he determined, and care should he taken 
to observe whether different crystalline forms can he distinguished 
under the microscope, rendering it probable that the substance 
under examination is a mixture. 1 

41 Behaviour of Resins to Reagents. It will further bo of 
special interest to learn whether the substances soluble in other, 
insoluble in alcohol and water, are dissolved by alcoholic or 
aqueous solution of caustic potash, in which cose there would bo 
reason to suspect the presence of an acid resin ( 145). If in- 
soluble in these liquids it might be assumed that the bodj' 
under examination is an indifferent Tesin, or a resin-anhydride not 
easily susceptible of decomposition. These and the following 
experiments should be conducted with larger quantities of the 
substance soluble m ether, specially prepared for this purpose. 

If an indifferent resin or stable resin-anhydndo were present it 
might first be purified by recrystallization or reprecipitation, etc., 
and then an ultimate analysis made. It should bo tested for 
colour-reactions with concentrated sulphuric acid alone and in 
conjunction with sugar. If ethereal solution of bromine yield a 
substitution product, its composition should bo ascertained. It 
should also be noticed whether the rosin-anhydride is easily 
oxidized and dissolved by nitric acid, or whether that takes place 
only with difficulty , whether water precipitates tho unchanged 
resin after tho action of tho acid, or whether oxidation products 
are formed } and if so, what is their nature, as, for instance, picric a 
or oxalic acid ( 81, 219), succimc acid ( 220). 

42. Action of Fitted Potash It is furthoi important to become, 
acquainted with the products formed under tho influence of fused 
caustic potash or soda. 3 The finely powdered substance, in quiin- 

1 For particulaiB of a case of this kind, viz tho hopruation of a nmturo of 
lesins obUinod from l,irch-funguB, Bee Masmg, Phaim. Zeitschr f. lluBBlontl, 
Jg 9, p 301(1870). 

3 Bitter yellow ciystals belonging to the rhombic byatem sparingly soluble in 
cold water, moio freely in boiling, soluble in alcohol and other. IL slams skm 
and wool yellow, and yielda a blood-red liquid when on alkaline solution is 
warmed with cyanide of potassium, sulphide of potassium, or grape bugar. 

8 Of Hloeiwetz and Earth, Annolon der Cheinie und Thorn, oxixiv. 205 ,. 
cxxxvm. 81 1 oxxxix, 77. 
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I 
titles of not much more than 10 grams at one operation, is mixed 

with 6 to 8 parts of caustic alkali, and introduced in successive ^ 

portions into a previously heated silver crucible, and the heat L 

continued, stirring occasionally with a silver spatula until the jp 

mass is in a uniform state of fusion. After cooling the contents * 

of the crucible are dissolved in water, and a slight excess of 
sulphuric or hydrochloric acid ad<Jod. The decomposition pro- 
ducts, which are specially to be looked for, are butyric and 
valorionic acid (cf. 25, 34, 139), pyrogallol, phloroglucin, 
and rosorcin, bonzoic ( 26), paraoxybenzoio, and protocatechuic 
acid. The majority of these substances may be removed by 
ether after acidifying. Volatile fatty acids might be previously 
extracted by shaking with petroleum spirit. 

Eesorcm After the fatty acids have been removed by petroleum 
spirit, resorcin may be extracted from the aqueous liquid by 
shaking with other and distilling the ethereal solution after sepa- 
ration. It forms crystals melting at 99, has a sweetish taste, and 
stnkos a dark violet colour with solution of feme chloride, violet 
with chloride of lime, and rose-rod with ammonia. It reduces 
ammomacal solution of nitrate of silvoi. 

Phloioylucin is also very sweet-tasted, and iCHombles resorcin in 
many of its reactions, but is coloured reddish-violet with feme 
chlondo, and tranwont reddish-yellow with .solution of ehloi nutod 
hmo The auhytlious crystals molt at 2^0 

Pifioyallol tastes bittei, is soluble in watoi, alcohol, tuul ethoi, 
melta at ll. r ) u , reduces feme to ferrous suits, colours the lattei 
bluo-bla<jk, and hopuates gold, silver, pl.itmuin mid inoicury iioin 
solutions of their salts. An alkaline solution exposed to tho an 
rapidly asbumos first a rod, then a In own coloiu ; with linie-watoi 
it passes through a tiausiont violet and purplish-iod tint 

I 1 1 otocatechuic Acid has an acid loaction, is sparingly soluble in 
water, strikes no colour with pure ferrous, but yields a dark-green 
solution with pure feme salts With mixtures of both ferric and 
ferrous salts a violet tint is produced. Tho green liquid obtained 
by tho action of ferric chlondo is turned rod by potash, and then 
assumes a violet tint on addition of hydrochloric acid. It reduces 
the metal from an ammoniacal silver solution, but is distinguished 
from tho three foregoing substances by not reducing alkaline tai- 
trato of copper. With acetate of lead it yields a precipitate 
soluble in acetic acid. 

32 
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Paraoxylenzoic Acid melts at 210, dissolves with difficulty in 
cold water, and gives, with ferric chloride, a yellow precipitate 
easily soluble in excess. 

For Ordn and Betaorcm see 158. 1 

43. Dry Distillation of Resins. It has already been mentioned 
in 27" that the dry distillation of part of the resin may load to 
useful results. Besides the pmbelliferone mentioned in that 
section, pyrocatfchin ( 161), pyrogaUol, etc., should bo home in 
mind. The first of these substances is fluorescent, and dissolves 
in boiling water, alcohol, and ether j the second strikes a green 
colour with solutions of ferroso-ferrio salts. 

44. Examination of Portion Soluble in Alcohol. The remainder 
of the mixture of resins extracted ,by ether that is, the part 
soluble in alcohol may be tested as directed in 40 to 43. 
Add resvns will be found here more frequently than in the 
portion insoluble in alcohol If the* resin soluble m alcohol 
dissolves either partially or wholly in an aqueous solution of 
potash as well, the solution in the latter liquid may he shaken 
with ether to ascertain if any substance can be removed by that 
solvent. It was by this means that I isolated posoniofluorescin 
from peony-seed ( 147). Ckrysophanic add and allied substances 
( 148, 149) should also be tested for, as well as guercitriit, 
guercetin ( 152), and the bodies discussed in 150 to 158. 

45. Acids Produced by Action of Alkalies. Attention must 
further be paid to the fact that the action of caustic alkalies on 
certain anJiydrides nearly related to the resins as, for instance, 
santonin may result in the formation of alkali salts, which are 
not of necessity, on the addition of excess of acetic or hydrochloric 
acid, instantly decomposed with reproduction of insoluble anhy- 
dride In the case of santonin, santonic acid is liberated on 
acidulating the alkaline aqueous solution. Any ordinary acid 
rosin mixed with it may be removed by precipitation with hydro- 
chloric or acetic acid and immediate filtration. The santonin is 
deposited only after standing several days, but can be extracted 
at once by shaking with chloroform, A method that I have pro- 
posed for the estimation of santonin is based upon this fact, and 
will be described in 154. 

46. Ditect Extraction with Eth&r. A portion of the powdered 
material may, without further treatment, be extracted with ether, 
1 For feiulio acid compare Jahib. f. Pharmaoie, 1866, p. 95. 
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and the substances thus dissolved estimated. In the majority of 
coses the weight will be the same as the sum of the substances 
extracted by petroleum spirit according to 9, and ether according 
to 36. If there is a deficiency, the residue should be treated 
with petroleum spirit, in which case attention would be directed 
to a substance other than on ethereal or fixed oil. The residue 
after exhaustion with other, and, if necessary, petroleum spirit, 
may bo dried and boiled with chloroform or bisulphide of carbon, 
to ascertain if such substances as caoutchouc, etc. can be extracted 
( 127). 
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IV. 

EXAMINATION OF THE SUBSTANCES SOLUBLE IN ABSOLUTE 

ALCOHOL, 



RESINS, TANNINS, BITTER PBINOIPLES, ALKALOIDS, 
GLUCOSES, ETO. 

47. Extraction The residue of the substance under examina- 
tion after exhaustion, with petroleum spirit and ether (cf. 3C) is 
removed from the filter, dried at the ordinary temperature, and 
treated with 10 cc. of absolute alcohol for every gram of original 
substance. After the lapse of five to seven days the alcohol lost 
by volatilization is replaced, and the whole well shaken. It is 
then filtered through the same filter that has been used for the 
previous operations, any evaporation of alcohol being prevented 
as carefully as possible. A measured quantity of the filtrate is 
next evaporated in a tared platinum dish and dried until the weight 
noted is constant. It is then incinerated, and the ash deducted from 
the weight of the dry substance. After having thus estimated 
the total organic matter insoluble in petroleum spirit and other, 
but soluble in alcohol, the residue on the filter may bo washed 
with absolute alcohol, and the washings, with the remainder of 
the filtrate, concentrated. This may best be done by distilling 
in a flask, under diminished pressure. The liquid remaining 
after distillation is poured into a glass disi^Etd allowed to ovii- 
porate, at the ordinary temperature, over sulphuric acid. 

48 Estimation of Portion Soluble in Water. The dry residue 
thus obtained is first treated with a measured quantity of water. 
To ascertain the amount soluble in this menstruum, as well as in 
alcohol, a measured quantity of the solution is similarly evapo- 
rated, dried at 110, and weighed. 

The remainder of the aqueous extract is reserved for the 
experiments detailed in 49, 50, 70; that which is insoluble in 
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'water is treated with water containing a little ammonia (1 in 50) 
as long as anything is removed. Tho ammoniacal' extract may bo 
evaporated with a slight excess of acetic acid, the residue rinsed 
on to a filter with a little water, washed, dried, and weighed. 
The brownish mass thus left on tho filter is, as a rule, to be 
regarded as phlobaphone ( 108; see also 160, 16.3), re- 
sulting Jrom tho decomposition of tannin. The portion of the 
moqup extract insoluble in ammoniacal water may bo again 



dried over sulphuric acid, and then subjected to similar treat- 
ment as the resin soluble in other (cf. 39 to 45 j 145, 146). If 
there is reason to suspect the presence of an alkaloid soluble in 
alcohol, but insoluble in ether, the residue, after treatment with 
ammoniacal wator, may bo digested with water containing a httlo 
sulphuric acid. (For alkaloids see 55, et seq,; 63,etf $e([. ; 171, etseq.) 

EXAMINATION OF THE TANNIN. 

49. Detection. If the aqueous solution obtained from the 
evaporation residue of the alcoholic extract is coloured blue-black 
by a forroso-ferric salt and precipitated by gelatine, solution of 
acetate of load is to be added in slight excess The resulting pre- 
cipitate is immediately collected on a taied filtoi, washed with 
water (not too long, three 01 four times, with 3 to 5 cc ), diiod, 
juul weighed ( 52, I.) It is then removed fiom the filtei, which 
iw burnt in a poicelam ciuciblo with n little nitrate ot ammonia , 
the precipitate itself is ne,xt nicinoiatod, niul Iho whole finally 
ignited 111 the blow-pipe lliiino until tho weight is constant, This 
is then deducted from tho weight ot the juecipitulo, and tho 10- 
inamder noted as tannic acid, or bittci pimi'iplu piocipitatod by 
oxide of load, or vegetable acids precipitated by lead ($ 80) The 
titrate from tho lead precipitate is tioatod aieoiding to 4? 70 

50. Detection continued The same tiesitinent isiopuatod with 
.11 similar quantity of tho watery oxtiact ol)tainod in 8 48, substi- 
tuting acetate of coppoi for acetate of load ( 52, II.). Hero, 
too, tho amount of oxide o co})poi in the precipitate is to bo 
determined by following Lho same ducctions and deducted from 
tho weight of tho precipitate If the estimation with tho coppoi 
salt yields tho &amo result as that with tho load, it is tolerably 
certain that only tannic acid has been precipitated. But if lead 
.throws down more matter than copper we are genoially justified 
in assuming that tho former precipitates substances other than 
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tannin, such as other acids, or bitter principles, the amount of 
which may be^approximately determined by deducting the weight 
of the organic matter contained in the copper precipitate from 
that contained in the lead. Under these circumstances the weight 
of the organic substances precipitated by copper sometimes re- 
presents approximately the tannin contained in the material 
( 52, 80). It must, however, be admitted that the great differ- 
ence in the tannins occurring in nature prevents such a result- 
being looked for in every case. 

51. Eeactwns. The following reactions are common to all 1 
tannins : they are precipitated from aqueous solution by gelatine, 
by many albuminous substances, by acetate of lead and copper, 
stannous chloride, etc. ; they reduce, at least when warm, alkalino 
solution of copper as well as solutions of gold and silver salts ; 
they strike an inky or dark-green colour with ferroso-ferric salts 
and transform skin into leather. Some tannins are precipitated 
by mineral acids, by tartar emetic and by alkaloids, but it is 
frequently observable that, an alkaloid and tannin which occur 
together in the same plant do not fonn an insoluble compound. 

For the microscopic detection of tannin the reaction with iron 
salts may be made use of. Cells containing tannin are moreover 
coloured reddish-brown with bichromate of potash, violet-red 
with aniline and reddish or violet with dilute solution of chlondo 
of zinc and iodine. (See note to 249 ) 

The great difference shown by the various tannins ( 159 ct scq ) 
makes it exceedingly difficult to give any general rules for thoir 
estimation. Some of my pupils 1 have therefore at my instance 
tssted the behaviour of the more important tannins to the ro- 
agents that have been recommended for their quantitative estima- 
tion. Before I give a short t r&mm& of the results they have 
obtained I should like to observe that, in my opinion, the estima- 
tion of the tannin in the alcoholic extract, prepared as I have 
described, is preferable to the determination in the aqueous ox 
tract, provided of course that the material is very finely powdered, 
that the tannin is insoluble in ether free from alcohol, and that tiio 
alcoholic liquid has been evaporated under diminished pressure 

1 Compare Gunthar, Pharm. Zertschr f Russland, Jg. 1870, pp. 101, 103, 
225, and ' Beitrage zur Kenntmas dei in Sumach, Myrobalanen oto vorkom- 
menden Gerbsauren,' Disa Dorpat, 1871, and other Doipat dissertations sub- 
sequently referred to. 
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and dried as directed in 47. One advantage in employing 
Alcohol to extract the tannin, as already recommended by Loewe, 
is the exclusion of the vegetable mucilage (so-called pectin) and 
similar substances which may under certain conditions introduce 
a very great error into the estimation. Another reason in favour 
of the use of alcohol is to be found in the fact that, if the material 
contains a large quantity of albuminous matter, water will fre- 
quently only partially remove the tannin, and that many tannins, 
are much more easily decomposed by evaporation in an aqueous 
than in an alcoholic solution. It may happen, it is true, that cold 
absolute alcohol will not in some cases extract the whole of tho. 
tannin from vegetable substances that are very rich in albumen, 
but even in such cases I would prefer treating the residue, after 
extraction with ether, with boiling alcohol to exhausting it with 
water. (See also 95, 162.) 

Special emphasis must, however, bo laid on the importance of 
getting rid of the wholo of the alcohol by distillation, if that men- 
struum has been employed, as almost all the following determina- 
tions of tannin are made in aqueous solution, and the admixture 
of even small quantities of alcohol might cause gioat error. 

62. Lot us now icviow tho more important methods that 
have boon recommended for the estimation of tannin 

I Acetate of Lend Pribram 1 lias pioposcd piocipitation with 
neutral acotato of load It caro bo taken not to mtioduco too 
groat an excess of the precipitant, tho precipitation of most 
tannins is tolerably complete, and it is only in tho case of gallo- 
tanmc acid, catochu-, kino-, and calFoo-tanmu acid that pait lomaiiis 
in solution on account of tho slight solubility of tho load salt. 
But OR tho precipitates are not invaiiably of constant composition 
it is difficult to estimate the tanuin by titration with lead solution 
Some of tho precipitates (tanmc acids from oak- and willow-bark) 
are decomposed by prolonged washing with water, tho tanmc acid 
partly passing into solution and undergoing change. It was for 
these reasons that I have recommended the precipitation to be made 
in not over-dilute solutions, and directed that tho washing should 
not be continued too long, and that the tannin should be detoi- 

1 Zeitschr f. anal. Ohemie, v 455 (I860) Compare also Jaoobson, Choro. 
techn. Ropeit. 1866, n 86; Steiu, Schweiz. polyt. Zeitschr li 169; Gietl, 
Zeitaohr f anal. Obemio, xi. 144 (1872) ; and Schmidt, Zeitachr d. osterr. 
Apothekerverema, xu. p. 874 (1874) , (Am. Journ. Pharm 1874, 427) 
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mined from the organic matter in the dried precipitate. In this 
way the tannin in rhatany, tormentilla, sumach, divi-divi, inyro- 
balans, knopper-gaUs, oak-bark, and willow-bark may generally 
"be satisfactorily estimated. Q-allo-tannic acid at times also yields 
good results. 

IE. Acetate of Copper has been suggested by Sackur 1 as a 
precipitant for tannin. The composition of the precipitate is, 
however, seldom constant even -when working with the same 
tannic acid ; and here, too, it has proved advisable to precipitate 
in tolerably concentrated solutions, not to wash too long, and to 
estimate the tannin gravunetrically, as above described. 

HI. Stannous Chloride and Ammomacal Stannous Chloride, which 
have been recommended by Risler-Beunat 2 and Persoz, 8 for the 
estimation of tannin, precipitate most tannic acids less completely 
than the two foregoing reagents. The precipitates moreover form 
slowly, but are in the majority of cases tolerably constant in 
composition. On account of the solubility of the precipitate in 
water, the estimation will here, too, be most accurate when the 
washing is not continued too long, the precipitate dnod, impreg- 
nated with nitrate of ammonia, ignited, and the resulting oxide 
of tin weighed. The loss by ignition gives the weight of tho 
tannin. But since the advantage in obtaining precipitates of 
constant composition cannot compensate for the deficiencies of tho 
method already mentioned, I have not further thought of employ- 
ing the precipitation with stannous chloride for tho purposes we 
have now in view. 

IV. Tea tar Emetic, which has been recommended by Gerlund* 
and Koller 5 for the volumetric estimation of tannin, will yield 

1 Gerberzeitiing, jo.xi 32 See also Wolff, Knt BLltter f. Porst und 
JftgdwissenBch xliv. 167 , Meek, Wagner's Jahresber f. techn Chem. Jg. 
1860, p. 531 ; HaJlwachs, Zeitschr f anal. Chem. v. 234 (1868). 

2 Zeitschr. f. anal Chem. n. 287 (1863). 

3 Traita do I'lmpression des Tissue, i. 282. The results obtained by tho 
method recommended by Persoz, m which the amount of tannin is calculated 
from the volume of the piecipitate, aie, according to Gauhe (Zeitachr. f anal 
Chem in 130, 1864) and Oech (Stud uber quant Best der Gerbsauren, In- 
augural Dissertation, Heidelberg, 1867), too high. I avail myself of this 
opportunity to draw attention to the works of the two last-named authors, 
which aie intended as a critical leview of the more important methods of 
estimating tannic acid. (Sue Procter, Phann. Journ. Trans. [3], vii. 1020 ; 
Allen, Commercial Organic Analysis, London, 1879 ) 

4 N. Jahrb f. Pharm szvi. 20 (1866) , (Amer. Journ Phorm xxxv. 519). 

6 Koller employed this method in estimating the tannio acid m orange-pocl 
(2T. Jahrb. f. Pharm. xzv. 206, 1886). 
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satisfactory results in somo few cases only, because, even if the 
solution be mixed with chloride of ammonium, it is difficull 
ascertain when a sufficient quantity of the reagent has been 
added, and because somo of the tannin precipitates so produced 
Are rapidly decomposed. Some tannins (rhoo-tannic acid) are not 
precipitated at all by tartar emetic. 

V. Ammoniacal Solution of Acetate of Zinc. This reagent 
should, according to Terroil, 1 Carpono", 2 and Barbieri, 8 be used 
in the following manner for the estimation of tannic acid. The 
liquid to be precipitated is brought to the boiling-point, an excess 
of the zinc solution addod, and, after concentration by evapora- 
tion, the mixture is cooled 1 and filtered. The precipitate is then 
dissolved in sulphuric acid, and the tannin estimated by titration 
with permanganate of potassium. I must admit that some tannic 
acids may be determined in this manner, but I must also draw 
attention to the fact that all tannins occurring in vegetable 
substances do not exorciso the same influence on permanganate of 
potassium ; that is, one tannic acid may differ from another in 
the amount of permanganate a given quantity can decolourize, 
and this value of the tannin in terms of permanganate must in 
many cases bo firnt dotomimcd. It is partly on this account that 
the estimations of th laimm in wino, made according to tins 
method, mo of but littlo value 

VI Pen ic Acetate, in conjunction with acetate of nodo, lias been 
used by Ilandtkc 4 for tlio estimation of tannic; acid in oak-baik, 
valona, divi-divi, mimach and catechu Ho found the reagent un- 
suitcd for the precipitation of tlio tannin pi t-Hcnt in Rheum, various 
species of Filox, coflbo and other plants, ami ovon with the lirst- 
namod substances it was only wlii'ii tlio c-onconl-iation was nucli 
that the precipitate contained 45 8 per cent of o\ido of iron that 
the estimation yielded satisfactory resultH 

Still less feasible in AVildonstoniV' coloiimotnc examination, 
which is based upon the inloiiKity of the colour produced by the 
solution on paper impregnated with fornc citrate. 

VII. Titration uith Pet mangantite of Potassium.. Monior, Coch, ' 

1 Zoitnchr f anal. Chom. \iii. 213 (1874) 

a Ibid. xv. 112(1876). 

' Ibid xvi 123 (1877). Sco alao Kalhreiner, ibid, xviii. 113 (1870) 

* Journ f pr Cham. Ixxxi. 345. 

" Zeitsohr. f anal Ohemie, li. 137 (1863). 

" Oompt rond. xlvi. 447. 7 Loc at 
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Ldwenthal, 1 and others, have shown that the tannin contained in 
many vegetable substances may be estimated with sufficient 
accuracy for technical purposes by titrating with solution of per- 
manganate of potassium. In dealing with vegetable infusions, 
however, almost all authors agree that if a satisfactory result is to 
be obtained the solution to be titrated must be very dilute (about 
1 in 400), and the oxidation incomplete. Lowenthal and others 
have found the following to be the most advantageous method of 
procedure. The liquid under examination is mixed with a measured 
quantity of solution of indigo-carmine, the value of which, in terms 
of permanganate, has been previously determined. The perman- 
ganate solution is then run in till the blue colour changes to green. 
The value of the pure tannin in terms of the reagent must have 
been previously determined by experiments with weighed quanti- 
ties of the same. By such experiments Gunther ascertained that 
16 parts of oxygen from the permanganate oxidised 32 5 parts 
of gallo-tannic acid, 330 of sumach-tannic acid, 25-0 (5-54) of 
catechu-tannic acid, 24-0 (v32) of cateohuic acid, 2 28'0 of Mno- 
tannic acid, 34 to 37 of rhatania-tannic acid, 05 of tonnentilla- 
tannic acid, 34 of caffeo-tannic acid, and 32 of oak-bark-tannic acid. 
Neugebauer 8 estimated the tannic acid in oak-barks with per- 
manganate by taking advantage of the power possessed by animal 
charcoal of absorbing tannic acid, and thus removing it completely 
from its aqueous solution. He divided the infusion to be ex- 
amined in two equal parts. The one was titiated direct with 
permanganate, the other after the absorption of the tannic acid 
by animal charcoal The amount of tannin present was then 
calculated from the difference, the assumption being made that 
the substances which acted upon permanganate in the liquid aftor 
treatment with animal charcoal were foreign bodies Lowonthal (seo 
below) titrates a part of the tannin solution direct, another part 
after precipitation with solution of gelatine (XII). From the differ- 
ence in the quantity of permanganate used the tannm is calculated. 

1 Journ. f. pr Ohem bond 150. 

a Owing to a mistake in the calculations, the figures here given for caloohu- 
tannio acid and cateohuio aoid are much too hjgh The correct numbers aro 
placed in brackets after them. Lehmann, in checking the experiments (VergL 
"[Inters, eiruger Catechn- tind Gambier-Proben. Diss. Doipat, 1880), found 
that 16'0 parts of oxygen were equivalent to 5 14 parts of cateoliu-tanmc acid 
and 4-84 catechin. 

8 Zeiteohr. f. anal. Chem. x. 1 (1871). 
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If a solution, contain both gallic and tannic acid, or catechin 
and catechu-tannic acid, both may be approximately estimated 
by LtfwonthaTs method (See also 164, et aeg^ The addition 
of gelatine as directed by him introduces only a slight source of 
error, which may be generally neglected. 

VIII. Chlorinated Lime. Lo'wenthal 1 has titrated with chlori- 
nated lime in the presence of indigo carmine in the same way as 
with permanganate of potassium, but the estimations generally 
yiold too high results in consequence of the impurities present 

Coch 2 has already expressed an unfavourable opinion of the 
propositions of Oommaille 8 and Millon* to make the separation 
of iodine from iodio acid by tannin the basis of a method for its 
quantitative estimation. The decolourization of a solution of 
iodine by tannic acid in the presence of carbonate of soda has 
been recommended by Joan 6 for the quantitative estimation of 
tannin. He states that 1 part of gallo-tannic acid decolourizes 
4 parts of iodine, and reserves to himself the determination of 
the value of other tannins in terms of iodine. He admits that 
gallic acid also acts upon iodine, and advises, when both are pre- 
sent, first to mako a total estimation, and then determine the 
gallic acid alone in a second portion of the liquid, after the tannic 
acid has boon removed by gelatmo or hide. Tho solution of 
tannic acid for standardizing should contain 1 part in 1,000 of 
water. Bofoio titrating, 2 cc of a 25 per cent solution of cryst. 
carbonate of soda should bo added foi every 10 cc of tannic acid 
.solution It, must bo observed that here, too, many organic com- 
pounds would ac,t in a similar manner to tannin 

IX. Ofidtituin. For tho estimation of tannin Mittenzwey has 
availed himself of tho fact that an alkaline solution of tannic acid 
rapidly absorbs oxygon from the air In tho analysis of plants this 
method will seldom bo of any value Ccch has alieady shown that 
it yields unsatisfactory results with the tannins usually employed. 

X. Titration with GmtJioniiie Wagner 7 has proposed titration 
with sulphate of cinchonmo, using acetate of rosamlme as an 

1 Loc cit. a Loc. eit. 3 Compl rend Lx. 699 (1864) 

* Annnlou do Ohimio eb do I'hya [3], xii 26. 

" ZuifcHehr f anal. Ohom xvi 123 (1877). 

8 Jcmrn f pr Ohomio, xoi 81, and Zeitsohr f. anal. Ohemie, iii 484 (1864) 
Hoo aluo Torreil, Zoitsohrifl dea ostorr. Apothekerverems, Jg. xii 377 (1874), 

? Zoitsobr f. aiial. Chem. v 1 (1860). Soealso SaJzer.ibid vii. 70 (1868) - r 
Buohner, ibid. 139 ; Olark, Amor. Jcmrn. Pharm. xlviii. 668 (1876) 
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indicator. But -the majority of those who have -worked tho proo.OHK 
have failed to obtain good results. Almost all of thorn huvo found 
that the assumption that rosamline would not colour tho liquid until 
all the tannin had been precipitated by the cinchonmo, WUH true 
of certain tannins only, and not of alL It has boon shown that, 
with some tannins, the appearance of a red tinge in tho solution,, 
which is said to indicate the end of the reaction, may be notion! I 
long before all the tannic acid has been precipitated. In many 
cases better results might be obtained with cinchonino if tho 
tannic acid were precipitated by an excess, the liquid fillorod and 
the excess of cinchorune in the filtrate determined by til/ration 
with potassio-mercuric iodide. This method has boon adopted 
by Clark in estimating the tannic acid in tea (Soo Cfi.) 

XI. Gelatine and Side The behaviour of golatiuo and hide 
to tannic acid is often made use of in tho estimation of 
tannin. The estimation may be made either by dotoi'mimn, 1 .; 
the increase in weight of a piece of hide, previously frood from 
substances soluble in water and petroleum spirit by digestion in 
those solvents, when allowed to he for some time in tho Holution 
of tannin, or by ascertaining the specific gravity of tho solution 
before and after the absorption of the tannic acid, and oalonlul jn 
the amount from the difference. Hammer 1 has coiiatvudod a 
table for gallo-tannic acid, from which the amount of tannin ciin 
be directly read off If this method of estimation is to bo adopted, 
a similar table would have to be constructed for othor nnpoKiml. 
tannic acids, showing the relation between the difference* in h i, ,!,/ir 
levity and the amount of tannin present 

XII Gelatine: Grammetnc Process. ? I6clp itM 1(m o f tho tamui. 
by gelatine, and calculation of the amount present from the n ,,,.,1,1, 
of the precipitate, has also been tried. But the disudvm^,* 
which pre sent themselves here are that these pi-ccn^tcs \ an 

enough in cL 1)( ,s l( , 1( ,n 



f 
of tannic acid are removed. 

It is, therefore, most advantageous to apply tho precipitation 
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with gelatine in tho following manner . A solution of that sub- 
stance tho value of which, m terms of the tannic acid to be esti- 
mated, has boon previously ascertained is run into the solution 
in which tannin is to bo determined as long as precipitation 
occurs. Tho gelatine solution should be mixed with some salt, 
diminishing the solubility of tho tannate of gelatine. For 'the- 
latter purpose tho addition of alum has been recommended 
(MiUlor *). Tho proposal of Schulzo 2 to use chloride of ammonium, 
or of Lbwonthal to add common salt and ^ voL of hydrochloric 
acid (specific gravity 112), appears better. A solution of gallo- 
tannio acid may bo saturated with these salts ; but in the case 
of other tannins (from oak, willow, and elm bark) a smaller 
quantity might bo preferable. If Lowenthal's modification be 
adopted, it is advisable to stir the liquid vigorously for five 
minutes after each addition of the gelatine solution. It has 
already been determined by Gunther that the various tannins 
differ in tho amount of gelatine they are capable of precipitating. 
He found that 100 parts of gelatine precipitate, in tho presence* 
of chloride of ammonium, 77 parts of gallo-tannic acid (according 
to Jolmnson 120 parts of dry tannic ticid), 132 (Lohnuinn, 139) of 
catechu-, 130 kino-, 130 to 132 rliatanui-, 130 o.ik-luuk-, and 10H 
of tormonlillu-taimic acid As is well-known, gallic luid catochiuc 
acids do not precipitate gulatmo 

8 fi3 Gallic anil Calechatc sicids if ono of thuso two .substances 
is to bo looked for, tho tannic acids should bo hint pieupitatod !>} 
gelatine, the excess of gulatnio by alcohol , and ullur tho alcohol 
has boon removed by distillation under diminished piussuro, gallic 
or catcchuic acid may bo isolated by shaking with other or ac.utic 
other. If caio has boon taken tojivoul using a laigo oxco-ss ol 
gelatine, tho treatment with alcohol might lio omitted , and in 
many cases it would bo possible to agitato uvun thu aqueous solu- 

1 Archiv d Pharm \\xvm 147(1945) (Jauho did not wicccud m hm en- 
deavour to find an indicator (iodide of utaroh) to nhow thu final reaction in 
titrating. Compn.ro ZuilHclu. f anal. Chum v 232 (1860) Noithor waa 
Coch <juito satisfied with an uou nolutiou UHud for thu HUUIU purpose Suu a,lm> 
Hallwaohu (lot at ). 

3 ZoitBchi f anal Ohom. v. 455 (I860) Compares also Salzor, ihid. vii 70 
(1808), and Johnnson, ' Ueitr. z Chomio dor Eiohcn, Weidon, imd Ulmonnudo,' 
DIBS Boiiiat, 1875, pp 72,76. Also Lehiniirm (he cit.). A moru rucunt 
critical review of the moro important methodu for estimating tannio acid by 
Lowenthal will be found in the Zeiteohr. f. anal. Chemie, xvi. 33, and 201 
(1877), and xx. 91 (1881). 
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tion ( 48) directly with ether, renewing the solvent four or fivo 
times. On evaporating the ethereal solution, both gallic and 
catechuic acids remain behind in a crystalline form, generally 
needles felted together. (Cf. 151, 165.) 

The weight of the dried residue frequently indicates with 
tolerable accuracy the quantity of the substance present ; but if 
the residue be mixed with much colouring or amorphous matter, 
so as to cause some hesitation in accepting the weight as correct, 
the result obtained may be verified by titration with permanganate 
of potash (See above.) If the material has been extracted with 
ether previous to treating with alcohol, gallic and catechuic acids 
will be found in the aqueous solution from the ethereal extract 
(Of. 38, 151 ) 

For the free vegetable acids which may occur in the alcoholic 
extract see 82. (See also in 159.) 

EXAMINATION FOR GLUCOSEDES, BITTER PRINCIPLES, 
ALKALOIDS, ETC. 

54. Extraction ly Agitation If no tannic acid or allied Bub- 
stance has been found in the aqueous liquid ( 48), but by the 
bitter taste or other properties the presence of a bitter principle, 
glucoside or alkaloid insoluble in other but soluble in water w 
suspected, the watery solution prepared from the evaporation 
residue of the alcoholic tincture may be subjected to consecutive 
treatment with various liquids which, being themselves insoluble 
in water, are adapted for removal of substances in solution by 
agitation and separation. The aqueous solution from tho oLhuroul 
extract ( 38) may also be treated in a similar manner. Tlio UHO of 
petroleum spirit, benzene, and chloroform may bo especially recom- 
mended for this purpose ; they should bo employed in tho cmlor 
in which they are named, and the liquid should be ronduiwl Hi hi 
slightly acid with sulphuric acid, and subsequently alkalmo with 
ammonia; I have spoken at length on this subject in my 'Kriml- 
telung der Gifte n After each agitation, the solvent should lio 
separated, washed once by shaking with puro water, again 
separated, evaporated to dryness, and tho residue examined If a 
solvent, as for instance petroleum spirit, removes any approciuMo 
quantity of a substance, the agitation with this liquid should bo 

! P. 119 Compare also Rnss. Archiv f ur geriditl. Mod. J. i. und I'lmrai, 
Zeitachr f. Huasland, v. 86 , vi. 663 
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repeated until only traces of the substance are dissolved. Then, 
and not till then, the same treatment is repeated -with the next 
solvent, and so on. All liquids employed for agitation must be 
rectified shortly before being used. Petroleum spirit must be 
iis volatile as possible ; benzene should boil constantly at 81 0., 
iind yield nitro-benzene when treated with fuming nitric acid. 

55. From Acid Solution. Of the better-known bitter prin- 
ciples, acids and alkaloids removed by petroleum spirit from an acid 
solution, the following may be mentioned : 

Salicylic add (of. 26). Pungent principles of capsicum, etc. 
( 126). (Both of these would have been already detected in 
the ethereal extract. Salicylic acid may be more easily removed 
by benzene or ether.) Piperin the majority of this principle 
will bo found in the part of the alcoholic extract insoluble in 
water (compare further 171, 178). Absynthin t cannot be 
completely removed by petroleum spirit ( 156). Hop-resin 



Benzene removes from the same solution santonin (cf. 154) ; 
caryophyllin ( 156) , cubebin ( 155) , digitalin (remains principally 
in that part of the ethereal extract which is insoluble in water 
(cf 150) , gratiohn ( 167) , cascanlhn ( 156), elatmvn, ( 156), 
jiopuhn ( 1G7), colocynthn ( 167), absynthin ( 156), JJWMSMI 
(S 156), mt'iiyanthin ( 167); encohn ($ IfiS), duphmn (Jj 167), 
bittei jn inci])le of Cnicus bcnedictus (tj 168), caffeine (J$$ 171, 176), 
pijieiM (soo above), cokhiceme ( 171), brtbcnne is dissolved by 
honxono in HI nail proportion only (compaio 171). 

Besides the substances already named as being dissolved l>y 
petroleum hpnit und benzene, chhioftnm leinoves also among 
others ]>cn~oiG acid (cf. {} 26), digitaJrin (sparingly soluble in 
<'thor, $ 155), conoaUttnuu'in ( 167), supnnm (insoluble in other, 
difficultly soluble in absolute alcohol, ?7 elseq, 167), sencgin 
(tlio same) j pliysuhn (S 167), tajnngm ( 167), critcuhn (Jj 167), 
jucriitoxin ( 155), Mfebomin (S 167), niuhonuu: (IH insoluble 
m ether, g 171, 182, 181), tJteobromme ({J 177), jm^Kivervaa 
( 171), naiceme ( 171). Cokhicine, solamdinc, qiieliachinc, 



56 From Alhthne Solution. After the last agitation with 
chloroform the aqueous liquid should be shaken whilst still acid 
with petroleum spirit. This removes the small quantity of 
chloroform remaining dissolved by the watery liquid. An on or 

4 
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might be made in omitting this treatment, since on rendering 
alkaline and shaking with petroleum spirit this solvent would 
take up a little chloroform and would consequently be no longer 
pure. After, therefore, the remainder of the chloroform has boon 
removed by petroleum spirit, the liquid may be made alkaline 
with ammonia, and the agitation with the same solvents repeated 
in the same order. In addition to these three liquids I havo> 
however, after agitation with chloroform, employed amylic alcohol 
for detecting certain poisons. It removes morphine, solamnc, 
( 171), salicme ( 167), and some other substances from thoiv 
aqueous solutions with special facility. 

It is principally alkaloids that axe removed by petroleum spirit,, 
etc , from ammomacal solution. Petroleum spirit dissolves, for 
instance, traces of sbychnine, brucine, emetine, veratine, sabadilline, 
and salalrine. All these substances are, however, more easily and 
completely taken up by benzene and chloroform. 

But petroleum spirit is specially valuable in the examination 
for the so-called volatile and, at ordinary temperatures, liquid 
alkaloids, such as coniine, methylconime (and conhydrine), nico- 
tine, loleliine, sparteine, alkaloids in pimento, capsicum and 
Sairacema puipwea. Aniline, tnmethylamine, and allied sub- 
stances are also dissolved by it ( 171, 239). In examining for 
volatile alkaloids I have advised agitation of the aqueous liquid 
with petroleum spirit, and evaporation of the solvent, after sepa- 
ration, at a temperature of about 20, on glass dishes previously 
moistened with strong hydrochloric acid, on which the hydro- 
chlorides of the alkaloids will partly, at all events, romum 
behind. A freshly-prepared dilute solution of hydrochloric acid 
gas in ether may be advantageously substituted for tlio ILSUU! 
aqueous acid. 

Benzene removes from ammoniacal solution, in addition to tint 
alkaloids already mentioned, ati opine, hyoscyamtne, physosiit/minc, 
pilocaipine, gelsemne, taxine, qumidine, narcotine, codeine, tlwlminr, 
delphimne and delphinoidine, acomtine, aspidosp&mine^euinnc, and 
a trace of cmchonine. (Of. 171.) 

In addition to these, again, chloroform dissolves from ammoniacal 
solution cmchonine, papavetine, naic&ine, nvpluirine, the alkaloids of 
celandine, and small quantities of morphine ( 171). 

57. Dvect Tests for Gliicosides, Alkaloids, etc. The number of 
acids, glucosides and alkaloids (cf. 21) that may bo isolated by 
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this method of agitation is doubtless very large, and by making 
the required experiments the list given in the preceding section 
might be rendered far more complete. It is this very fact 
that renders the method so suitable for the qualitative exami- 
nation of those plants and parts of plants the constituents 
of -which are at present unknown. Of course, it is possible to 
employ infusions which have been prepared by digesting tho 
material under examination with water on the water-bath, instead 
of aqueous solutions from the ethereal or alcoholic extracts. This 
would especially be the case if acids, bitter principles and gluco- 
sidos are to be looked for. Alkaloids may likewise be tested for 
' by digesting the material with water acidulated with sulphuric 
acid (1 in 60). In both cases, however, it must be remembered 
that by thus directly extracting the substance with aqueous liquids 
many bodies, such as mucilage, etc., are dissolved, and that this 
is avoided by treating them according to the method first de- 
scribed. The presence of such substances is disadvantageous, 
inasmuch as they sometimes render the extraction of a principle 
from aqueous solution by the method of agitation more difficult, 
and always act injuriously in lenclermg tlio separation of the two 
liquids aftoi shaking almost impossible. It is therefore advisable 
to romovo all matter tending to increase tlio viscosity of tho 
aqueous infusion l>y concentrating to u, syrupy consitstonco (if 
necessary, after having previously ncoily noutiahzed with mnmonia 
or magnesia), precipitating with about three volumes of spirit, 
filtering aftoi standing Lwolvo to twenty-four hours in :i cold place, 
and distilling off tlio alcohol 

58 Alkaloids, etc., not Jtemomlle ly Agitation Soniu bitter 
principles, glucosides and alkaloids cannot, howovor, lio removed 
from solution by agitation, cither because they have loss tendency 
to pass into any other known liquid than to lomain in aqueous 
solution, or because they aio insoluble in water. Tho latter is 
tho case, for instance, with the glucosidal re&ius wliich occur in 
tho convolvulacooe. Such substances arc generally isolated with 
tho icbins. (Of. 163.) 

Tho purification of bitter principles and glucosides that arc 
soluble m water, but cannot bo removed by shaking, may bo 
effected by evaporating the aqueous solutions prepared from tho 
ethereal or alcoholic extracts, and repeatedly dissolving the sub- 
stance in chloroform, alcohol, or ether. It will be found easier to 

4r 2 
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purify abitter principle dissolved by water from the ethereal extract, 
than one obtained in a similar manner from the alcoholic extract, 
since the latter .contains glucoses and tannins, which are insoluble 
in ether. Apart from the treatment with chloroform and other 
solvents which I have just described, another method of purifica- 
tion may in this case be adoptedviz., evaporation of the aqueous 
solution, extraction with the smallest possible quantity of absolute 
alcohol, and precipitation of sugar, etc. with ether. 

59. Separation of Tannin. Tannic acid, when present in solu- 
tion, together with bitter principles, etc., , may frequently bo 
removed by digesting the aqueous infusion with oxide or hydrate 
of lead. If salioine (cf. 167), for instance, is to bo separated 
from tannin, the aqueous infusion may bo mixed with oxide of 
lead, evaporated to dryness on the water-bath and extracted with 
alcohol Basic acetate of lead may also be occasionally used, when 
a bitter principle is to be separated from tannin, vegetable acids, 
albuminous matter and the hke. Of course, it must have boon 
previously ascertained that the bitter principle in question is not 
precipitated by lead; should that be the case, it may sometimes bo 
isolated by decomposing the lead compound with sulphuretted 
hydrogen. By combining a bitter principle with load a separa- 
tion may sometimes be effected from sugar, etc. This method is, 
however, inapplicable if tanmc acid be present, when it will often 
be found advisable to precipitate vegetable acids, tannin, etc., by 
neutral acetate of lead before throwing down the bitter principle, 
etc , with the basic salt ( 51, 162) 

60. Separation of Lead P) ecipitate. If such compounds of load 
with bitter principles, glucosides, etc., are to bo washed with 
water, it is very advisable to effect this as rapidly as jiofwiblo l>y 
decantation. Such precipitates often block a filter, or form, by 
contraction, channels through which the wash-water runs oil with- 
out penetrating the precipitate. If tho uso of a Jilior I'M JKKJCH- 
sary, repeated suspension in water and filtration IH udvinablo. 
The washing of such precipitates should not bo continued too 
long, as they usually undergo decomposition during tho process 
and yield the bitter principle to the wash-water Tho jn-ononoo 
of carbonic acid m the water used for washing is specially to bo 
avoided 

Decomposition. The decomposition of those precipitates is 
usually effected by sulphuretted hydrogen, which, however, dooa 
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not act well if the lead compound has been previously dried. It 
is a well-known fact that, in the course of this operation, the 
bitter principle may be mechanically retained by the sulphide 
of lead formed. To avoid loss in this way the sulphide may be 
filtered off, washed, dried, powdered, and boiled with alcohol. 
In evaporating the alcoholic extract care should be taken not to 
confound crystals of sulphur with the bitter principle, etc. It 
will often bo found advantageous to decompose the lead precipi- 
tate in alcohol instead of water. Tho surface-attraction of the 
sulphide of load will, nevertheless, be frequently found useful 
in retaining foreign bodies, such as colouring matter and the 
like, whilst bitter principles, etc., pass into solution. 

Tho directions given for the decomposition of the lead precipi- 
tates may also bo followed in isolating tannio and vegetable acids 
from such compounds. (See also 162.) 

61. Glucosides; Recognition. In proving the glucosidal nature 
of a substance advantage may be taken of the influence exercised 
by ferments (saliva, emulsin, myrosin), etc., or dilute acids (accom- 
panied by heat) on glucosides, which, under such circumstances, 
split up and yield sugar as one of the products of decomposition. 
It is advisable to ascertain whether tho substance itself, in as pure 
a state us possible, reduces an alkaline solution of copper, cither 
at tho ordinary temperature or on boiling. If no reduction takes 
place tho furthor examination for glucose is much facilitated. It is 
customary to boil tho &ubstauco under examination with water 
containing 1 to 2 per cent of sulphuric or hydrochloiic acid, and 
tost tho liquid foi sugar from tiino to time. Tho rapidity with 
which decomposition may bo thus oH'octed vanes very greatly. 
Some glucosidos yield a sugui loaction aftoi boiling for a few 
minutes only , othois require several hours In some cases it is 
preferable to allow tlio acid to act under piossuro, or in alcoholic 
instead of aquoous solution (Cf $ 153, 160.) 

Tho decomposition- yioductB which aio foiniod, together with 
glucono, from glucosides, arc not uufrequontty insoluble in water, 
and therefore render tho liquid turbid in pioportion as tho re- 
action proceeds. This peculiarity may bo often made use of as 
proof that decomposition has commenced, especially in those 
coses in which the glucoside itself reduces Fehling's copper solu- 
tion. After tho completion of the reaction and the cooling of tho 
liquid, tho decomposition-product may be filtered off and furthei 
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examined. If, on the other hand, this suhstance be soluble 
"water, its isolation may be attempted by the method of agitalk 

An experiment should also be made to ascertain the action 
the glucose thus produced on a ray of polarized light, as well 
its behaviour with yeast that is, its capability or incapability 
entering into fermentation For this purpose ifc is best to docoi 
pose the glucoside with sulphuric acid, which may be subsequent 
removed by carbonate of barium. The filtrate from the sulpha 
of barium, which should be faintly acid in reaction, should 
mixed with a little yeast, introduced into a eudiometer ov 
mercury, and observation made "whether, under those circui 
stances, carbonic-acid gas is evolved Many glucosides yiel 
besides glucose, products of decomposition which are antagonist 
to alcoholic fermentation ; these are, if possible, to be removed. 

This fermentation experiment will have a particular value in c 
cases in which the glucoside itself reduces alkaline copper solutio 
Proof of the glucosidal nature of the substance may then \ 
found in the experiment yielding a negative result before, but 
positive one after, the action of the dilute acid, especially if tt 
substance be soluble in ether or cold absolute alcohol. Saccharose 
and other carbohydrates, which would yield similar results, ai 
thus excluded, they being insoluble in the liquids named. 

It is hardly necessary for me to point out the desirability < 
estimating, by means of Fehhng's copper solution, the sugar pr< 
duced by the decomposition of a glucoside. (Of. 83, et seq. 
200, et seq.) 

Some bodies which are usually treated of with the glucosido 
yield, when acted upon by acids, not glucose, but substances alhoi 
to sugar or mannite, which, like isodulcito, are unformontoble 
(Of. 212.) 

62. Sidphunc Acid Group-reaction. Many glucosiclcs arc capabL 
of acting like sugar when mixed with bile and sulphuric acid 
that is, of producing a red colour. This reaction has boon describes 
as to a certain extent characteristic of the whole group of gluco 
sides ; but it should be remarked that among them there are manj 
which are reddened by sulphuric acid alone, whilst some caunoi 
replace sugar in the test for bile ; and others, when mixed witl 
sulphuric acid, assume such characteristic colours that the bile 
reaction is quite undistinguishable. 

For further information concerning glucosidos, compare 165 
et seq. 



63. ISOLATION OF ALKALOIDS, ETC. 55 

63. Isolation of Alkaloids^ etc., not Removable by Agitation. As, 
stated in 58, there are some alkaloids which, for the reasons 
there given, cannot be isolated by the methpd of agitation. To 
separate these in a state of purity the extracts prepared according 
to 57 should be exhausted as far as possible by shaking with 
petroleum spirit, etc,, and then evaporated to dryness. The dry 
residue should be finely powdered (if necessary, with the addition 
of washed sand or siliceous earth) and treated with alcohol, ether, 
chloroform, etc. The exhaustion, however, with these solvents 
will be incomplete if the residue be not reduced to a very fine 
powder. (See also 65, 66.) 

Detection Tyy Group reagents. Before proceeding to this extrac- 
tion it may appear desirable to ascertain whether an alkaloid is 
present at all. To that end the liquid obtained in 57, containing 
sulphuric acid but no alcohol, may be tested for alkaloids by 
precipitants which have been introduced as group-reagents for 
that class of substances. The following may be especially recom- 
mended : 

Tri-iodide of potassium that is, an aqueous solution of iodine 
in iodide of potassium gives, with aqueous solutions of most 
iilkaloids, amorphous precipitates of a dark-brown or kennes- 
mineral coloui, and is one of the most delicate reagents An 
nlcoliolic solution of an alkaloid frequently remains clear on the 
addition of the tn-iodido , 01 if a precipitate is formed, it differs 
in properties fiom that produced in aqueous solutions For 
oxamplo, borbormo and navccmo would under these conditions 
yield cry stall ino precipitates 

Tiilwmide of potassium, prepared m a similar manner, also pre- 
cipitates some of tho alkaloids from very dilute solutions, but, in 
nddition, forms yellowish compounds with phenol, orcin, and 
many allied bodies (8 l, r >H). 

rotasbio-mei-curic wdide, obtained by decomposing mercuric 
dilorido with an excess of iodide of potassium, yields with 
most alkaloids, white, flocculent precipitates, which sometimes 
gradually assume a crystalline character. (See also 65.) The 
presence of free acid may sometimes cause a difference in the 
precipitate obtained from one and the same alkaloid. 

Fotassio-lismuthic iodide, prepared by dissolving iodide of bis- 
muth and iodide of potassium in water, yields, even in highly 
<liluto solutions, precipitates which are very sparingly soluble, 
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and resemble orange sulphide of antimony in colour. It should 
not, however, be forgotten that albuminous and other similar 
substances are also precipitated by this reagent (Of. 232.) 

Potassio-cadrmc iodide, obtained in analogous manner from iodido 
of cadmium, gives white precipitates, which, like those yielded 
by potassio-mercunc iodide, sometimes become crystalline. They 
are mostly rather more soluble than those produced with tho' 
latter reagent 

Phospho-nwlyldic add (a solution of the sodium salt in nitric 
acid) yields with most alkaloids yellowish precipitates, which arc 
in certain instances rapidly reduced, and assume a bluish or 
greenish colour Ammoniacal salts and less complex amido- 
compounds are also precipitated by this reagent. 

Metaiungshc acid gives similar precipitates ( 177). 

Chloride of gold yields yellowish precipitates with very diluto 
solutions of many alkaloids. Sometimes a rapid reduction taken 
place, and the yellowish colour changes to a reddish-brown, tho 
liquid itself occasionally assuming at the same time an intcnso 
reddish tint ( 186). I consider this reagent especially vahwblo 
for our purpose, as ammoniacal salts and the less complex amidof* 
are not precipitated by it. 

PercMonde of platinum forms brownish-yellow precipitates with 
most alkaloids (not all), but is less valuable than chloride of gold, 
because the precipitates are mostly more soluble, and because it 
1 forms sparingly soluble compounds with ammonium and potassium 
salts, etc. The precipitates obtained with this reagent also some- 
times show a disposition to decompose. 

Mercwic cWwfe The white precipitates winch this salt yields 
Trith alkaloids are not very sparingly soluble, but it possesses 
some value, as it does not precipitate, ammoniacal salts, otc. Th 
same is the case with 
Pici ic acid, which gives yellowish precipitates. 

Tanmc acid, the compounds with which are usually of u greyish 
yellow or greyish-brown tint, and 

Bichromate of potash, which yields yellowish and occiwionullv 
crystalline salts. 1 



87e ' no) - 

to milphocyamde of poteauium compare Schrage, Aroh. d. Pharm. 
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To confirm the presence of an alkaloid, advantage may also be 
taken of the fact that they all contain nitrogen, and, therefore, 
yield Prussian blue with Lassaigne's test (heating with metallic 
sodium, etc.). This test will be specially valuable i another 
peculiarity of most, but not all, alkaloids viz., the alkaline 
reaction towards litmus and capability of forming salts be not 
well defined (colchicine), or if a compound be obtained which 
must be referred to the group of amido-acids (colchioino) or 
glucosidal alkaloids (solanine). It must not, however, be for- 
gotten that some of the glucosides already mentioned contain 
nitrogen ( 167). For tables of the colour-reactions characteristic 
of many alkaloids see 171. 

64. Alkaloids not Isolated by the Method of Agtfation; Purifica- 
tion. In cases in which an alkaloid is present that cannot be 
separated in this way or purified as recommended in 63, the 
following method may be tried. The alkaloid is precipitated by 
potassio-merouric iodide from its solution in water acidulated with 
dilute sulphuric acid, the precipitate filtered off, washed, sus- 
pended in water and decomposed by sulphuretted hydrogen. On 
filtering off the sulphide of mercury, a solution of the hydnotlato 
of the alkaloid together with free hytlnodic acid is obtained Sul- 
phato of silver is then added as long as it causes a precipitate, and 
the iodide of silver filtered off. After vomo\ ing tlio Rulphunc acid 
by addition of caustic baryta and filiation, a solution of tho 
alkaloid may bo obtained by freeing the filtrate fiom excess of 
baryta by carbonic-acid goa The last scpamtion of barytiv, 
however, is not always quite complete It might bo bettor there- 
fore in many cases to lomovo tho sulphuric acid by carbonate 
instead of hydrate of Imimin Tho loimoi, moroovoi, would bo 
loss likely to decompose tho alkaloid 

In following this method, inconvenience is occasionally oxpcii- 
oncod in filtering off tho sulphide of morciu y, which sometimes 
separates in a very finely-divided state To obtain a clear filtrate, 

clxxiv. 143; [3], v fiOl, xm 25; Hease, ibid xn 313, xiu. 481; 
Godoffioy, Oosteri. Zeitsohr. f. Pharm. 1878, NOH. 1 to lli (Am. Journ. 
Flmrm 1878, 178) For the notion of silico-tungatic ncid on alkaloids BOO 
Godoffroy, Archiv d. Pharm i\. 434 ; chloride of antimony and stannouH 
chloride see Godeffroy, ibid 147, and Smith, Jahresb. f Pharmacie, 1879, 166 , 
arsouo-inolylxlio acid, oelonio and telluric acid, Brandt, Jahresb. f Pharmacie, 
1875, 341 Smith heats trichloride of antimony and projects tho alkaloid into 
tho fuBod mass. Morphine and codeine produce a greenish, narcotine olive- 
green, thebaine, brucme and voratrine, red colouration. 
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evaporation with white "bole and re-solution in water may be tried. 
The iodide of silver and sulphate of barium are also at times very 
difficult to remove, and clear liquids can only be obtained "by ' 

repeated filtration through double filters. 

Should the alkaloid, after liberation with caustic baryta, bo 
sparingly soluble in water, it may be precipitated simultaneously 
with the sulphate of barium. In this case it may be extracted 
from the dry precipitate by treatment with alcohol or other 
suitable solvent. But those alkaloids that resist extraction by I 

the method of agitation are generally freely soluble in water. 

Many alkaloids, too, are easily attacked by alkalies, splitting up, 
on boiling, into acids and new complex amides. Atropine under 
such circumstances yields tropine and tropic acid j hyoscyamino 
is resolved into the same two substances. (Of. 65.) How easily t 

eirors are thus caused may bo seen from the number of alkaloidul 1 

substances that have boon described in text-books as special 
alkaloids, and which are in reality nothing but products of decom- 
position (acolyctine and napelline=aconinej lycoctonmo = psoud- 
aconine) 1 Ourarine is another alkaloid easily decomposed by 
alkalies Certain members of this class are also decomposed by | 

boiling with dilute acids. 

If the alkaloid under examination is not easily attacked by 
baryta or hmo, it may be precipitated by plwspho-molyldic oxphos- 
pho-tungstw add ( 63), and separated from its combination with 
either of those acids by baryta or lime, the excess of alkaline 
earth being removed by carbonic acid. These methods, which 
are sometimes of use in the quantitative estimation of certain 
alkaloids, will be discussed in detail in 177 

65. Estvmation. For the quantitative determination of alka- 
loids, one of the following methods may be feasible 

1. The alkaloid obtained in 64 may be dried and weighed. , 

2. The "substance removed by agitation according to 55, 56, 
may be weighed, care being taken to avoid loss. 2 

1 I avail myself of this opportunity to draw attention to the more recent 

researches of Wright and Luff on the aconite-alkaloids See Jahiesb. f . Pharm 

1873, 131 ; 1874, 135 ; 1876, 169 ; 1877, 434 ; 1879, 189 , and in Pharm. 

iTourn. and Trans On atesin of Aconitum heteiophyllum see Wasowicz, Archiv 

d. Pharm xiv. 198 (1879) (Pharm Journ. and Trans. [3], x 310). See papers 

by Wnght and Luff, etc., in Pharm. Journ and Trans. [3], vols. ix. x. and xi, 

3 Compare the methods I have proposed for the quantitative estimation of 

trychmne, brucme, and veratune, in 174. Qunther has successfully em- I 
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3. The alkaloid may be precipitated from its aqueous s u x, 
"by certain reagents, and estimated gravimetrically. 

Chloride of gold, or sometimes perchloride of platinum ( 173) 
may be advantageously used as precipitant in the last case, as th< 
Amount of alkaloid and chlorine present may be approximately 
calculated from the amount of gold or platinum contained in the 
procipitabe. Alkaloids may often be estimated gravimetrically 
-and volumotrically by precipitation with potassio-mercuric iodide 
( U4). 

I have discussed this subject fully in my ' Chemische Werth- 
"bostimmung starkwirkender Droguen,' 1 where I have shown that 
many alkaloids may thus be accurately estimated. I found, how- 
ever, that the precipitates produced were not always analogous in 
composition, and that therefore the precipitating power or value 
of the unit-quantity of reagent must be determined for each single 
alkaloid. The composition of the precipitate yielded by one and 
the same alkaloid may vary with the concentration of the solution, 
and a difference in the amount of sulphuric acid present may 
sometimes influence the result A large excess of acid is incom- 
patible with the accurate estimation of certain alkaloids, such as 
brucmo and coniino, whilst in other cases (nicotine, colchicine) it 
is necessary The latter alkaloid, together with atropine and 
others, requires a considerable excess of the reagent for complete 
precipitation, and in its gravimetric estimation therefore this 
condition mns>t obtain , on the othei hand, the piecipitate first 
produced is hometimos redissolved on the addition of an excess 
of the piecipitant With logard to the reagent itself, I may 
observe that, according to Mayei, it is not adw&able to prepare it 
by dissolving iodide of mcicmy in iodide of potassium, the best 
iiiotliod being to mix 13 346 gram of peichlonde of mercury 
with 4 9 - H gram of iodide of potassium and water to make one 
litre. 

For details of experiments I refer to the work already men- 

}iloyud tho method of agitation for tho estimation of atiopine Compare 
I'hiviin Zeitiohi f Russland, 1860, p 89 (Yeai-book Pharm 1872, 236) In 
colulncmin alwo it would be more advisable to determine the alkaloid by shaking 
with chloroform than by precipitating with potaaaio-mercnnc iodide The 
iniitonnl should bo extracted with pure water, and the solution made acid 
nxthor than alkaline before shaking with chloroform 
J Ht. Petersburg, 1874. Sohmitzdorff. 
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3. The alkaloid may be precipitated from its aqueous so* 
"by certain reagents, and estimated gravimetrically. 

Chloride of gold, or sometimes perchloride of platinum ( 173), 
may be advantageously used as precipitant in the last case, as the 
Amount of alkaloid and chlorine present may be approximately 
calculated from the amount of gold or platinum contained in the 
precipitate. Alkaloids may often be estimated gravimetrically 
and volumetrioally by precipitation with potassio-morcurio iodide 
< 174). 

I have discussed this subject fully in my ' Ohemische Werth- 
'bestimmung starkwirkender Droguen,' 1 where I have shown that 
many alkaloids may thus be accurately estimated. I found, how- 1 
over, that the precipitates produced were not always analogous in 
composition, and that therefore the precipitating power or value 
of the unit-quantity of reagent must be determined for each single 
alkaloid, The composition of the precipitate yielded by one and 
the same alkaloid may vary with the concentration of the solution, 
and a difference in the amount of sulphuric acid present may 
sometimes influence the result A large excess of acid is incom- 
patible with the accurate estimation of certain alkaloids, such as 
brucine and comine, whilst in other cases (nicotine, colchicine) it 
is necessaiy Tho latter alkaloid, together with atropine and 
others, requires a considerable excess of the reagent for complete 
precipitation, and in its gravimetric estimation thoioforo this 
condition must obtain , on the other hand, tho precipitate first 
produced is sometimes redissolvcd on tlio addition of an excess 
of the precipitant With rogaicl to tho i cogent itself, I may 
observe that, according to Mayor, it is not advisable to prepare it 
by dissolving iodide of morcmy in iodide of potassium, tho best 
method being to mix 13 '546 giain of porchlondo of mercury 
with 49 8 grain of iodide of potassium and water to make one 
litre. 

For details of experiments I refer to tho work already men- 

plojed the method of agitation for tho estimation of atropine. Compaio 
Pha,im Zeit^chr f Russland, 1869, p 89 (Yoai-book Phann 1872, 286) In 
colchicum also it would be more advisable to determine the alkaloid by shaking 
with chloroform than by precipitating with potaabio-mercunc iodide Tho 
material should be extracted with pure water, and the solution made acid 
rather than alkaline before shaking with chloroform 
1 St Petersburg, 1874 Sohmitzdorff. 
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the hyosoine of H5hn and others. Its gold salt melts at a higher 
temperature thaa that of atropine or hyoscyamine.] (See further 
in 174.) 

EtMtine. 1 cc. of tho potassio-mercuric iodide precipitates 
0-0189 gram emetine. The precipitate has the composition 



Conime. 1 co. indicates 0'0125 gram, coniine provided that the 
solution contain to 1 per cent, of the alkaloid, as little free acid as 
possible, and, in addition, 3 to 4 per cent, of chloride of potassium. 
If those conditions are complied with the composition of the pre- 
cipitate will be (0 18 Ei NI) a + EgI 2 ( 174, 180). 

Nicotine* 1 cc. indicates 0-0040J5 gram nicotine; tho composi- 
tion of the precipitate is 10 H 16 N 3 I 3 + Hgl^ 

StvycTmine and, Brucvrw. 1 co. precipitates 0'0167 gram strych- 
nine and 0'0197 gram"] anhydrous brucine (in the latter case 
as little free acid as possible should be present). The pre- 
cipitates have the composition C^B^NgO.^! + HgI 2 , and 
C^N^HI + Hgl^j 174, 180) 

Cokhicme. 1 cc precipitates 0-0317 gram colchicine, the con- 
centration being about 1 to 600, and the solution containing 7 to 10 
per cont. of sulphuric acid. Tho precipitate appears to contain 
tour equivalents of colchicino to one of Hgl a . 

Morpliiw and Narcotine 1 cc. corresponds to 0'02 giam crys- 
tallized moiphmo 2 and 0213 gram narcotmo (Sco also 174- ) 

J^iatrnu 1 , saladilline, and sabafnne Ice indicates, accoidmg 
to Musing, 3 029G giam voratimo Little Hulplimic acid only 
should bo present and a correction of OOOOOK j^ram vciatrmo 
made for ovoiy cc of IKJUH! According to t,lie samo cliomi&t, 
I cc. of the ]>otassio-niorcuric lodulo is equivalent to 0374 grain 
Hiibadillmo and 03327 giam sabatimo Correction for ovoiy cc 
0-00005 gram of the foriuci and 00000408 gram of tho latter 
( 174) 

Wu/Mbliymme. 1 cc precipitates 001375 gram pliysostigmmo 
(Mo-sing). Correction for every cc 0000105 giarn Tlio com- 
position of tho procipitato is assumed to bo C^II^NjjOjHI + IIgT_, 
(Soo also 174.) 

1 This formula, aluo, will have to 1)0 alboicd as noon OH analyses of tho pmo 
I'Du-tino pieparcd by I'odwiHHoUki are publiRliod. 

J Km thu applioatum of potaHmo-cadmio lochdo to tho quantitative dotonmna- 
tionof o])ium alkaloids HOO Lopa^o, lloport f. Phurm 1875, 013 

3 Aroluv d. Pharm. i\. 310 (Journ. Chum. Soo. xxxii 300). 
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Berbervne. 1 oc. indicates 00425 gram berberine (Beach). 1 
The precipitate is stated to contain almost exactly half its weight 
of pure berberine. 

QUWWM. According to Prescott 2 the double salt of quinine 
-with iodide of mercury contains 34*5 per cent, of alkaloid, and is 
almost insoluble in water. From the recent researches of Hielbig* 
it would appear that no special advantage is to be looked for in 
the application of potassio-mercuric iodide to the quantitative- 
estimation of quinine. 

Ghelidonine and Sanguinarvne. From some experiments made by 
Masing I anticipate that 1 cc. of potassio-mercuric iodide will bo> 
found to indicate 0'01675 gram of the former and 0-01485 gram 
of the latter. 4 (Compare also 174 et aeg.) 

66. Estimation of Theme, etc. The quantitative determination 
of some alkaloids may be made as follows : The material is boiled 
with water, either pure or containing a little sulphuric acid, tho 
filtered or strained decoction evaporated with magnesia or lime/' 
and the residue finely powdered with sand or some other inert 
substance. It is then extracted with ether, chloroform, or othei* 
suitable solvent, the filtered solution evaporated and the residue 
weighed. 8 I have found this method well adapted for estimating 1 
the alkaloid in tea (without the addition of acid). 

Similar methods have also been proposed for the estimation of 
the total alkaloid in cinchona-bark, but the long-continued action 
of the dilute acid necessary to dissolve the alkaloid appears to 
decompose part of it and renders the estimation inaccurate. (Com- 
pare 176 ) 

67. Exti action of Cinchona Alkaloids. In a series of experi- 
ments in my laboratory the following method was found by 
Hielbig 7 to be the most advantageous: 25 grams of powdered 
bark are digested with 100 grams of 1 per cent, sulphuric acid at tho 
ordinary temperature for twenty-four hours, care being taken to cx- 

1 American Jonrn. Phann. xlviu. 386. 

3 Ibid. ilhe 482 

8 Kntische Beurtheilung, etc. Dias. Doipat 

4 Compare my Ohemisohe Werthbestimmung, p. 101. Al&o Nasohold, 
Journal f. prakt Chem. ovi. 385. 

5 Compare Oazeneuve, Jahreab. f. Phann, 1875, 342. 

Compare also Loach, Phann. Zeitsohr f. Euadand, XTIU. 645, and my re- 
marks on his method, Jahresb. f. Phann. 1879, 165 (Tear-book Phann. 
1880, 80) 

7 Loe. ctt. 
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elude direct sunlight ; 500 cc. of spirit are poured in, and after 
two hours 25 grams of slaked lime are added to the mixture. 
The whole is then macerated for two days, and finally boiled for 
half an hour on the water-hath. To the filtrate, together with 
100 oc. of wash-alcohol, the results of two following extractions, 
each with 250 co. of spirit and 100 cc. washings, aro added. 
The mixture is neutralized with 25 drops of dilute sulphuric acid 
(1 to 7) or more if much cinchonine is present. After stand- 
ing twenty-four hours the spirituous solution is filtered, and 
tho alcohol recovered by distillation, the process being stopped 
as soon as the liquid becomes cloudy (about 200 cc.); 15 cc. of 
2 per cent, sulphuric acid aro then added, and the evaporation 
continued on the water-bath, carbonization being carefully avoided. 
The residue is treated with water, the resin filtered off and 
washed with a little dilute sulphuric acid. The alkaloid is then 
precipitated by carbonate of soda, and the whole evaporated on 
the"water-bath to about 20 cc. After cooling, the resinous preci- 
pitate is filtered off, rubbed down to a powder in a mortar with 
water, retransferred to the filter, washed, dried, and weighed. 
From tho filtrate and wash-water the alkaloid is extracted by 
chloroform, and tho weight thus found added. For the separa- 
tion of tho more important bark alkaloids from each other, see 
13, 181 

G8 Estimation ly Titiatitm I!. tho alkaloid under examina- 
tion has a powerfully alkahno reaction, it may bo separated by 
tho method of agitation, or according to GC, G7, and esti- 
mated by titration with /* ff acid. A method of tins kind has 
boon pioposod by Schlossing and others foi tho quantitative 
determination of mcotnio in tobacco l (Roc 179, 180 ) 

G9. Rqianitwn of two or inoip. Alhiluuls In the methods 
described for tho estimation of alkaloids it was assumed that only 
one was present. But two or more may bo met with in tho same 
plant In attempting their separation then behaviour to solvents 
should bo ascertained. Ether, for instance, may bo used to separate 
quinino from cinchonino, narcotmo from morphine, delphinino from 
dolphmoidino 

1 Annalos do Ohim. ot do Phys xix 230 (Am J. Pharm xix 68) ; olio 
WittuLoiu and Brandt, Vioiteljahreasohrift f prak. Pharm xi 351, and xm 
3'2'2 ; Liooke, Zoituohr f anal Ohem. 17. 492 , Kosutany, Anal Beat, einiger 
Boatandth. d. Tabakapflanzo. Diss. Altenbmg in Hungary, 1873. 
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This method is not, however, always successful, and com- 
pounds of the alkaloids differing considerably in solubility, etc., 
must be looked for, applicable to the separation to be effected. 
Quinine may be separated from quinidine by precipitation 
with Eochelle salt, quinidine from cinchonino by iodide of 
sodium, etc. Use may also be made of the difference in equi- 
valent weights. (Compare the estimation of brucino in presence 
of strychnine in 174) See also 180 to 183. 

EXAMINATION POE GLUCOSES SOLUBLE IN ALCOHOL. 

70. Detection and Estimation of Glucoses soluble in Alcohol. 
Both glucoses and cane-sugars may be present in that part of 
the alcoholic extract ( 48) which is soluble in water, but the 
amount can be but small, since the material is macerated at the 
ordinary temperature. It must, however, be taken into account, 
in order to avoid error. If the alcoholic extract contain no tannin 
or bitter substance, the aqueous solution may be tested for glucose 
with Folding's solution ( 83) without further treatment ; if found 
it may be determined quantitatively. 

Sugar may also be qualitatively tested fou by adding to the 
liquid under examination first potash and then dilute solution of 
sulphate of copper, as long as the cuprio hydrate first formed is 
redissolved. Excess should be avoided. The liquid may now bo 
divided into two portions, one of which may bo warmed and 
the other allowed to stand in the cold in order to ascertain whothor 
reduction takes place at the ordinary temperature, as well UH on 
heating. 

If the glucose is accompanied by such substances as tannin, 
etc., the filtrate obtained after addition of acetate of load in then- 
quantitative estimation ( 49, 52), or after precipitation of ft 
separate quantity with basic acetate, may be treated, toother 
with the washings, with a slight excess of sulphuric acid, filloicxl 
washed and made up to a known volume. Tho sugar may then' 
be estimated quantitatively with Fehhng's solution Tlio roBiilt 
must be added to the amount found in the aqueous extract ( HU) 
Part of the solution may be boiled for half an hour with 1 to o 
per cent of sulphuric or hydrochloric acid m a flank fitted with 

I?^r den9e '' H m re 8U S ar bo f <*a afto such treat- 
ment, the difference is to be calculated as saccharose ( 86) 
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Y. 

EXAMINATION or SUBSTANCES SOLUBLE IN WATER. 

MUCILAGE, ACIDS, GLUCOSES, SACCHAROSES AND OTHER 

CARBOHYDRATES, ALBUMINOUS SUBSTANCES, ETC. 
71. Treatment vrith Water. The residue of the material after 
exhaustion with alcohol ( 47) is dried at a temperature not above 
40 0,, and transferred to the vessel previously used, which should 
likewise be dried. Water is then added in the proportion of at 
least 10 co. for every gram of original substance, and the whole 
frequently shaken during twenty-four hours. The liquid is now- 
filtered off through the same filter that has already served for 
such opoiations, and the filtrate set aside for examination. The 
residue is washed by repeated maceration and filtration, the wash- 
ings being reserved for tieatment as directed in 194 Tho in- 
soluble substance LS not dned ($92, 102, 105 et heq ; 193 etseq.) 

72. Total tiolul llexuhie. 10 cc. of the filtrate aro evaporated 
in a tared platinum dish, diiod at 110 and weighed. Tho resi- 
due is then incinerated and the ash deducted It should bo 
ascertained if the ash is rich in caibonic, sulphuiic, or phosphoric 
acid, chlorine, lime, magnesia or potash , and if largo quantities of 
sulphuric 01 phosphonc acid arc present they should bo estimated 

(8 83) 

If the filtrate contain much sugai, moisture may easily bo re- 
tained by the residue In such cases Sonuuor 1 advises the addi- 
tion of ^ per cent, of alcohol before evaporation It is claimod 
that the residue is then porous and easily dried. 

EXAMINATION OF MUCILAUINOUS SUBSTANCES, DEXTRIN AND 
ALLIED CJAIUJOIIYDRATES PRECIPITATED BY ALCOHOL. 

$ 73 Mucilaginous Substances. 10 to 20 cc. of the aqueous 
extract (71) aro mixed with two volumes of absolute alcohol, and 

1 Zeitsohr. f anal Cbemie, x. 491. 
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allowed to stand for twenty-four hours in a cool place in a well- 
closed vessel The precipitate is collected on a tared filter, washed 
with 66 per cent spirit, dned and weighed. Both filter and sub- 
stance are then incinerated and the ash weighed, that of the filter 
being deducted. If the precipitate itself possess the characters 
of vegetable mucilage ( 195, 196) and contain not more than 
6 per cent, of ash, it may be assumed the latter corresponds to 
the lime and potash usually found in such mucilages But if the 
percentage of ash be larger, and it contain much carbonate of 
lime or potash, attention should bo paid to the possible prosonco 
of salts of vegetable acids wifch these bases, such as acid tartrato 
of lime or potash, etc. ( 74). 

That the precipitate really contains vegetable mucilage may bo 
proved by its dissolving in water to a mucilaginous liquid which 
does not reduce Fohhng's solution until after it has boon boiled 
for some time with dilute hydrochloric acid. Its concentrated 
solution is precipitated by basic acetate of load. It is also 
occasionally precipitated by ferric chlondo and thickened by 
solution of borax or soluble sih'cato of soda. See also $$ 193 to 
196. 

74. Vegetable Albumen. Incomplete solubility of the mucilage 
precipitate would indicate the presence of albumen, but, by the 
method of examination adopted, the quantity will usually bo so 
small that it may be neglected (See also 92 et seq , 95 et seq.} 
If, however, Lassaigne's test show that the precipitate contains 
much nitrogen, the results of the estimation of legumin and 
albumen, which will be subsequently made, must bo deducted 
from the weight of mucilage, etc. If, on treating the mucihigo 
precipitate with a little water, a difficultly soluble crystalline sub- 
stance be observed, examination should be made for tartrato ol 
hme or acid tartrate of potash, which, if present, should bo 
estimated by precipitating with neutral acetate of lead and should 
be deducted from the weight of the mucilage. 

^ 75 Inulm If subterranean parts of plants belonging to 
Composites or allied orders are under examination, they may, 
even though previously dnod, yield a little inulm to watei 
After precipitation with alcohol it is not rodissolved by water at 
the ordinary temperature, but is freely soluble when warmod 
to 56 It is leevo-rotatory, ^converted by treatment with dilute 
acid into levulose, and may be^ostimated by determining the 
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amount of sugar thus produced. The majority of the inulin is 
however, left in line residue insoluble in water, from which it 
may be extracted as directed in 102. 

76. Dextrw, etc. The filtrate and wash-alcohol from the 
mucilage precipitate ( 73) are evaporated as rapidly as possible, 
at a temperature of 70 to 80, to a syrupy consistence and again 
precipitated with 4 volumes of absolute alcohol. Certain car- 
bohydrates soluble in dilute alcohol, such as dextrin, lerulin, 
sinistrin and triticin, are thus thrown down and should be 
filtered off as rapidly as possible. 

These carbohydrates may be distinguished from mucilage by 
their being more easily convertible into sugar and by their not 
being precipitated by basic acetate of lead. Dextrin is dextro- 
rotatory in aqueous solution, and yields grape sugar on boiling 
with a dilute acid. Levulin, sinistnn, and triticin yield levu- 
lose. The first of these three is optically inactive , sinistnn and. 
tnticm are leevo-rotatory ( D = -32 '45 6 and -43 5 79 respec- 
tively). None of the four are coloured either blue or red by 
iodine. 1 Sinistnn and triticin aro precipitated by caustic baryta 
from solution in 40 pei cent, alcohol Carbonic acid liberates the 
caibohydrato from tho'compound thus pioduced (^ 198) 

Qiutntitiitire fistiwtition ($& 199, 201 to 204) The carbo- 
hydrates montioned^m tho preceding paragiaph are best osti- 
inatod. by boiling with a dilute acid <ind determining tho amount 
of sugar thus produced by titrating with Vohling's solution The 
banum pi oripitatos of lovuhn, triticin and snustim maybe treated 
directly with acid. 

It doxtim and glucose aro picscnt together, tho results yielded 
l>y tho estimation aro as a rule somewhat too high, as a little 
sugar is precipitated with the doxtim. 

It should, however, bo ascoi tainod whether tho dextrin-precipi- 
tate contain much nitiogon, and, if this is tho case, A\hether the. 
amido-acids discussed in $ 101 and IM2 aro present 

EXAMINATION FOR SAl'ONIN AND ALLIED SUBSTANCES. 

77 Extinction of StyHmin. -If tho precipitate obtained with 
alcohol in 8 7G la rapidly filtered oil', the majority of the saponm 

1 It wan formerly thought that doxtnn was coloured rod by iodine. ThiH 
colouration was duo to an impurity (soluble ataich erythrodextrm) containeti 
1:1 the doxtnn examined. 

52 
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remains in solution, and is left behind on evaporating the 
alcoholic filtrate, It is soluble in hot 83 per cent, spirit and 
deposited again on cooling ; but in absolute alcohol it is almost 
insoluble. Baryta-water precipitates it from aqueous solution ; 
after washing with saturated baryta-water the saponin may be 
liberated from the compound by carbonic acid gas ; a few per cent, 
of baryta, however, always remain associated with the saponin 
thus obtained. It also forms an insoluble compound with basic 
acetate of lead. Its solutions have an unpleasant acrid taste, 
froth on shaking, emulsify oils, etc. On agitating with chloro- 
form it is taken up by that solvent and may be obtained in an 
amorphous condition by evaporating the chloroformic solution. 
(Of. 65.) The residue, moistened with a few drops of concen- 
trated sulphuric acid and exposed to the air, gradually assumes a 
reddish or reddish-violet colouration. It is a glucoside, yielding 
sapogenin as a resinous decomposition product sparingly soluble 
in water. 

78. Quantitative Estimation. Christophsohn 1 and Otten 2 have 
adopted the following two methods for the determination of 
saponin : 

A. 10 grams of the powdered substance are boiled three times 
in succession with distilled water, the decoctions strained [(they 
filter very slowly), evaporated to a small bulk, precipitated with 
alcohol and filtered. The precipitate is exhausted with boiling 
alcohol (83 per cent), and the spirituous solution added to the 
filtrate. After recovering the alcohol by distillation the residue 
is dissolved in water, concentrated and precipitated with saturated 
baryta-water The precipitate is collected on a tared filter, washed 
with saturated baryta-water till the washings are colourless and 
' dried first at 100, subsequently at 110. After weighing it is 
ignited till the ash is white, the baryta estimated as carbonate in 
the usual way, calculated into oxide and deducted from the weight 
of the saponin-baryta, the difference being the weight of saponin 
from 10 grains of substance. For the seeds of Agrostomma 
githago the following modification must be adopted on account 
of the large amount of starch rendering the extraction with water 
very tedious. A weighed quantity of ground air-dry seeds are 

1 ' Vergl. TJntera uber das Saponin, etc ' Bias. Dorpat, 1874, and Arolalv 
d. Pharm vi 432, 481 

a Histiol. Untern. der Sarsaparillen. Dias. Dorpat, 1870. 
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exhausted by boiling with alcohol and ^filtering whilst hot, the 
alcohol being recovered from the filtrate by distillation. The 
residue is freed from fatty oil by ether, dissolved in water and 
the saponin in it precipitated with baryta as before. 

B. The saponin-baryta obtained by the previous method is 
dissolved in water with the aid of hydrochloric acid and freed 
from baryta by the cautious addition of dilute sulphuric acid. 
The filtrate and washings from the sulphate of barium are boiled 
for an hour ; the sapogonin which has separated out is filtered 
off, washed, transferred together with the filter to a small flask 
and exhausted by boiling with 83 per cent, of alcohol. On 
evaporating the filtered alcoholic solution and drying at 110 the 
weight of the sapogenin is ascertained and may be calculated to 
saponin, 100 parts of the latter yielding on an average 35-8 parts 
of the former. 

Ohristophsohn obtained the following results in a scries of 
comparative experiments with both method^ The seeds of 
Agrostemma githago were treated as directed in A. 

A. B. 

1. Quallaja saponaria (bark) 8 '67 8 '82 % Saponin 

2 Gypsoplula Btrulhium (loot) 1450 150 

3 ,, ,, ,, 13 81 13'2 

4 Saponaria officmalia (root) 4 78 5 09 ,, 

5 Agrostomma githago (ripe seeds) . 067 6 51 

In tho various sarsapanllas Obton found, by method A, from 
1'21 to 3 43 per cent of saponin. (Seo also S 167 ) 

<j 79. Digthmm, which is allied to saponin, may bo distin- 
guished by its assuming a h'no red colour when heated with 
dilute sulphuric 01 liydioclilonc acid Like saponin, it is easily 
soluble in cold water, sparingly in cold absolute alcohol. (Of. 
155, 167.) 

EXAMINATION FOU A(J1DH, ET(J 

80. Estimation of Total Oiganic Acuh. Part of tho filtrate 
obtained in 73 and 76 is concentrated and, after complete 
dissipation of tho alcohol, precipitated with neutral acetate of lead, 
avoiding an excess. After standing from twenty-four to forty-eight 
hours tho precipitate is filtered off and treated as directed in 49 
The organic matter present is noted as mgamc acids and allied 
substances li tho presence of tanmc acid, which has escaped re- 
moval by the previous treatment with alcohol, is suspected, it 
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should be estimated in a portion of the filtrate from 73 or 
76, by precipitation with acetate of copper (cf. 50), and de- 
ducted from the total organic acids. 

81. Qualitative Separatwn. If the lead precipitate IB at first 
amorphous, but becomes crystalline on standing, malic or fumaric 
add 1 may be present (See also 214, 220, 221.) 

The acids thus precipitated may bef urther qualitatively examined 
by suspending the moist precipitate obtained as directed in 80 
in pure water and decomposing with sulphuretted hydrogen. The 
filtrate from the sulphide of lead is evaporated on the water-bath 
to a small bulk and, when the odour of sulphuretted hydrogen 
has disappeared, hme-water is added to the cooled liquid till the 
reaction is alkaline If a precipitate is produced which dilute 
acetic acid fails to dissolve completely, oxalic acid is probably 
present. 3 (See also 214, 218, 219.) If, on the other hand, 
it is entirely soluble in acetic acid, a fresh portion should bo 
tried with solution of chloride of ammonium. Tarti ate of calcium 
( 217) dissolves, racemate (218) does not. In the latter case caro 
should be taken not to mistake phosphate for racemate of calcium. 

If lime-water has caused no precipitate in the cold the solution 
should be boiled. Any turbidity that may now occur would 
indicate cttnc acid. ( 215, 216, 218.) 

Acomtic acid is not thrown down by Hme-water even on boiling, 
but it is characterized by the slight solubility of its acid ammonium 
aalt in 50 per cent alcohol The liquid to be tested is divided 
into two portions, one of which is neutralized with ammonia and 
added to the other. Any crystals of acid acomtate of ammonium 
which separate out should be washed with 50 per cent alcohol. 
Erom this salt the acid may be isolated by adding a slight excess 
of sulphuric acid and shaking with ether. Its identity may bo 
established by the ultimate analysis of the calcium, silver and 
ammonium salts. (See also 216 ) 

I think it is very probable that the so-called Matattm is acom- 
tate of calcium ( 102). Sphsaro-crystals of this substance were 

1 For the solubility of malate of lead in warm dilute acetic acid, and tho 
deposition of a crystalline salt on cooling, see Harteen, Zeitschr f. anal 
Ohemie, xiv. 873 (Journ Chem Soc. xxix 375) 

2 Oxalate of calcium ( 100, 219) often settles slowly and on filtration passes 
through the pores of the filter. Muck has shown (Zeitschr f anal Ohemio, 

is.. 451) that the precipitate la much easier to manipulate if small quantities of 
aluminium salts are present. 



81, 82. ORGANIC AND MINERAL ACIDS. 71 

observed by Russow in the stems of species of Marattia which 
had been kept in alcohol. 

If tho presence of an oxalate has been indicated by the action 
of acetic acid, tho acid solution should be filtered off and super- 
saturated with lime-water, which would re-precipitate tartaric, 
citric, racemic acid, etc. Citric acid may bo detected by boiling 
the filtrate. Citric and tartanc acids may bo separated quantita- 
tively by Allen's method. 1 The acids are dissolved in 2'0 volumes 
of spirit, and a concentrated solution of acetate of potassium 
added. After standing twelve hours tho acid tartrate of potassium 
is collected and estimated either gravimetrically, or by titration 
with normal solution of soda. (See also 214. et seq , 217 et se$.) 

82. Vol. Estimation , Mineral Acids ; free and Combined Acid. 
If only one of the non-volatile acids mentioned can be de- 
tected, the estimation made in 80 may bo checked by decom- 
posing the lead precipitate from a known fraction of the aqueous 
extract with sulphuretted hydrogen, evaporating the filtrate and 
titrating tho residue dissolved in water. But in this case the 
phosphoric and sulphuric acids previously estimated m 7 must 
bo deducted (8 214). 

Miiiimd awdi may bo tested for qualitatively by adding a drop 
of tin alcoholic! solution of methyl-violet Mmoial acidb change 
the coloui to bluwh-gi eon 

Tho amount ofjiee acid present in fruits, etc , may bo estimated 
in tho aqueous extract l>y titiution with nnimal alkali A similar 
determination may bo made in tho alcoholic oxti act ( 4 7). Any 
oxcosHof acid found in the hrnt estimation ovoi that in tho second 
may gonoially bo ascribed to tho acid salts piosont 

If an oxtiact from a vegetable hubstunc'o is to 1)0 specially 
examined for free taitanc ucid in tho piesenco of acid taitratos 
(of calcium and potassium), the liquid may bo evaporated to a 
syiupy consistence and tho tartanc acid oxti acted with ether or 
absolute alcohol 2 Tho alcoholic or ethereal solution is evapo- 
rated, tho residue dissolved in a little spirit mid tho tartanc acid 
separated by tho addition of alcoholic solution of acetate of 



f. anal Chomio, xvi. 2C1 (Plmrin Jcmrn. Trans [3], vi. C). 
<J Cf Claim, ZeitHchr f until Chemio, xvii 314 
3 Hoe ftlno Nuuuloi, Zuitbulir. f. aual. Ohemie, xvni 230 (Jonm. Cliem. Soo. 
xxxvi 081). 
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EXAMINATION TOE GLUCOSES, SACCHAROSES, ETC. 

83. Glucoses. The alcoholic extract may, as mentioned in 
70, contain a small amount of glucose which, if present, should 
be quantitatively estimated But, as -was there observed, the 
whole of the glucose is not usually removed by cold alcohol, and 
the remainder must be looked for in the aqueous extract. If no 
tannic acid or other substance that reduces Fehling's solution is 
present, the glucose may be estimated in part of the aqueous 
extract in 71 by direct titration. 1 But if the glucose is ac- 
companied by other substances that also reduce the salt, those 
must be removed before the estimation can be made. They 
may be avoided by using the filtrate from the mucilage 
precipitate ( 73), or from the dextrine group ( 76) , the 
alcohol must be removed by evaporation, the residue dissolved in 
water and made up to a known volume (Of. 197 ) If such 
substances as tannic acid, etc., have to be removed, it is best to 
precipitate a portion of the aqueous extract with basic acetate of 
lead and remove the excess of lead with sulphuric acid before 
determining the sugar. 

Instead of keeping the alkaline copper solution recommended 
by Fehling ready for use, I keep separate solutions of the three 
salts of which it is composed, viz., 34 639 grams of crystalhzed 
sulphate of copper, 173 grams of Bochelle salt, and 120 grams of 
caustic soda, each in a litre of water. 10 oc. of each of these solu- 
tions with 20 cc. of water represents 10 cc. of alkaline copper solu- 
tion diluted with 4 volumes of water as recommended by Fehhng 
Of the three solutions the sulphate of copper alone requires to bo 
accurately measured. 

The titration is made as follows the alkaline copper solution 
ia brought to the boil m a white porcelain dish and the sugar 
solution (previously made up to a known volume) added from a> 
burette until the blue colour has completely disappeared 10 cc 
of copper solution indicate 0'05 gram grape-sugar. Should the 
final disappearance of the blue colour be concealed by dark 
colouring matter, etc., in the solution, a few drops may be rapidly 

1 On the estimation of sugar with copper solution, see Fehling, Annolen d 
Ohem. -a Phann Ixxii 106, cvi 75 (Pharm Journ Trans [1], ix. 419) , 
Graeger, N. Jahr f Pharm xxix 193 ; 0. Sohmidt, ib. 270 , Staedeler u. 
Krause, Annalen d. Ohem. u Pharm. Lax 94 ; Pellet, Journ. de Pharm et 
de Ohimie, 4te Sene, xxvu. 460 (Journ. Ohem Soc, xxxiv. 612). 
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Itered off and tested for copper by the addition of acotic acid 
nd ferrocyonide of potassium. But a slight reaction will 
enerally "be obtained as traces of copper remain in solution and 
tie absence of any reddish-brown precipitate after the lapse of a 
aw minutes must be taken as sufficient indication of the termina- 
ion of tho reaction. 

It is well known that tho sugar solution should be very dilute ; 
ho best strength is about per cent If a preliminary experi- 
aent shows it to bo more concentrated, it should be diluted to 
Jbout this strength, 1 

The estimation may also be mado gravimetrically, by quickly 
iltering off the cuprous oxide, washing with water, drying and 
lonvertmg into cupric oxide. This method is advisable if, in 
iterating, the final reaction is obscured, or if the amount of sugar 
lolution available is not sufficient to complete the reduction of the 
sopper-salt taken. 

But it must be borne in mind that by drying the cuprous 
>xido on the filter and weighing incorrect results would, as 
Brunncr 2 has shown, bo obtained, since the alkaline copper solu- 
ion dissolves cellulose and the filter accordingly loses weight 
[t IB bettor, therefore, to dissolve tho cuprous oxide and deter- 
mine tlio copper by tho usual methods, or to estimate the excess 
of coppoi in tho filtrate. 3 317 parts l>y weight of copper, 
387 of cupioiiH oxido or 397 of cupric oxide indicate 180 of 
glucose, 171 of saccharose or 1G2 of starch, etc ( 200) 

84 Other Mi'llmls of Estimating Glucose Glucose may also 
bo estimated by Knapp's reagent, 1 which consists of 10 grams of 

1 Soxhlofc ZoitHchr f anal Chomio, xviu 348 (Phaim Journ Trans [3] 
xi 720) hftH nhown that tho reducing power of tho glucubo vanes with the con- 
oontiution of tho ttolntioiM In making uHtiinntioim tho sugar solution should 
therefore be of IVH nearly an poHsiblo tho Haino Htiungtb. as that used for btondard- 
izing. According to Hnxhlct tho ginviiuutno oHtiraation in presence of an 
oxoeas of coppor may bo attondod with ctmmdoialilo error But Maercker 
has Bhown that Hatisfootory results may bo obtained by this method also, if the 
Bamo conditions aro always observed. Hoo also Ulbucbt, Chem. Centralblatt, 
1878, 392, 584 

a i5oitsohr, f. nnal Chomip, xi H2 (Jomn Chom Soo xxv 928). 

8 Compare aho WoU, ib. 284 ; Mohr, ib xu 296 , Jean, ib. Ill , Lagrange, 
ib xv 111 ; Brucko, ib. 100 , Masohko, ib xvi. 425. (See Journ. Chem 
Soo. xxv. 1121; xxvn. 292; x\xi 805, ib 116; xxxii 930.) 

4 Annal d. Ohem u Phann. cliv 252 (Pharm. Joitrn. Trans [3] i 301). 
See also Mortenn, Zoiteohr f anal Oheniio, xiii. 76 , Brumme, ib. xvi 121. 
Knapp's reagent keeps considerably better than ITehling's. 



T4 SUBSTANCES SOLUBLE IN WATEll 

mercuric cyanide and 100 cc. of caustic soda (sp. gr. 1-146) in a 
litre of water j 0-4 gram of the cyanide = 40 cc. of solution indi- 
cate 0-10 gram glucose. Knapp determines the end of the ex- 
periment "by touching a drop of the solution on filter paper with 
a drop of sulphide of ammonium. An excess of mercury would 
produce a brown colour ( 200). 

Instead of Knapp's solution an alkaline solution of potassio- 
mercuric iodide may be employed for estimating glucose, as re- 
commended by Sachsse. The sugar solution for this reagent may 
be prepared as directed in 83. The reagent as first recommended 
by Sachsse 1 contained a large excess of alkali, which rendered the 
estimation of dextrose and levulose in the presence of saccharose 
inaccurate. Heinnch 2 therefore altered the composition by re- 
ducing the amount of alkali to a TmniTnmn, and directed that a 
litre should contain 18 grams of mercuric chloride, '25 of iodide 
of potassium and 10 of caustic potash. 40 cc. indicate 1342 
gram glucose The titration is made in the same way as with 
Folding's solution, and the end of the experiment determined by 
testing a drop with stannous chloride, which should not throw 
down a grey precipitate, showing that no excess of mercury 
remains in solution. The presence of ammonium salts does not 
interfere with the reaction. Nessler's reagent for ammonia has a 
composition similar to Heinrich's modification of Sachsso's solu- 
tion, but contains a far larger quantity of caustic alkali, which is 
necessary for the detection of ammonia ( 97) 

The appearance of the final reaction is retarded if the solution 
contains but very small quantities of invert-sugar. It is adviHublo 
to make the mercurial solution of such strength that 5 cc. mdicato 
0-0168 gram of in vert-sugar 

Glucose may also be estimated gravimeh icully by using an acid 
solution of a mercuric salt. The reagent recommended contains 
in a litre 30 grams of mercuric oxide, 25 of concentrated acotio 
acid and 30 of chloride of sodium. On boiling with sugoi tlio 
mercury is reduced and may be weighed as meiourous clilondo. 8 
5 88 parts of calomel indicate 1 part of glucose. 

1 Jahresb. f Pharm 1876, 376 (Journ. Chem Soo XXMI 226) Hoe also 
Strohmer u. Klauss, Chem. Centrnlblatt, 1877, 097, 713 (Journ. Chem. Soo 
xzxiv 246) 

3 Chem CentraJblatt, 1878, 409 (Journ. Chem. Soo. xxxvL 180) 

8 Jahresb. f Phann , 1877, 340 
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The reagent is said to be without action on cano-sugar, glycerin, 
orabin and dextrin. 

85. Influence exerted ly Saccharoses. If the glucose in the 
liquid under examination is not accompanied by saccharose, or 
other carbohydrate not precipitable by alcohol, fairly accurate 
results may be obtained by the methods detailed in 83, 84. 
But saccharoses influence the estimation by their presence to an 
appreciable extent, although they do not themselves, when pure, 
reduce Pohhng's or Sachsso's solution. 

Tho same applies to the determination by fermentation ( 204) ; 
saccharoses may bo partially converted by the yeast into ferment- 
able glucose. 

It cannot bo said that we are in a position to estimate with 
exactness in every case tho proportion of glucose and saccharose 
in mixtures. Sometimes, it is true, the accuracy of the estimation 
loaves little to bo desired as, for example, mixtures of dextrose 
or invert-sugar with cano-sugar. Solutions of such mixtures 
may be examined in tKe polanscopo, in addition to being tested 
chemically. But many instances occur in which tho necessary 
conditions do not obtain. (Cf. $ 208, 209.) 

8 8G Estimation in J'ic&mce of kSttrcJiai fl.se In such cubes the 
only method wo can adopt is, Just, to icniovo tho caibohydratcs 
procipitablo by alcohol (j$ 7.J, 7(5), ostimuto the glucose with 
Kohhng's solution, and then jopcnt tho estimation aitoi acidifying 
with 1 per cent hydrochloric acid and boiling ioi 15 Lo 20 minutes 
(or several IIOUIH if tho prosonco of in^coso 1m suspected) in a ihisk 
provided with an upright condenser II tho t,\vo dotoi initiations 
yield fiiiily concoidont rcssulls, it may 1m assumed that no saccha- 
rose IH present ; on tho othoi hand, miy excess that tho second 
may indicate over tho first may l>o noted OH 'wacchaioso or allied 
carbohydrate.' Tho possibility of on or must, however, bo 
admitted ( 207) 

87 E&twiatWH of Hucclunose alone If tho solution contains a 
saccharose alone, with the exception of milk-sugar or maltose, it 
will not reduce Fohling at all Although, therefore, no reduction 
may bo observed, tho inversion with acid should not on any account 
bo omitted, as tho solution may contain a saccharose. (Cf 207.) 

According to Pillitz, 1 cane-sugar may bo easily inverted by 

1 Zoitschr f anal Chomio, x 466 (Jcmrn. Chom Soo. xxv 329). Boo also 
Niool, ib. MV. 177 (Journ Chem. Soo. ix'v. 329). 
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heating a solution of 1 part in 12 or 13 of -water with 1 '5 to 20 
parts per mille of sulphuric acid (specific gravity 1'12), in sealed 
tubes, to 130 or 135. The estimation of sugar by the fermenta- 
tion of such solutions is said to yield numbers that ore rather too 
low. That is not the case mth determinations by Fohliug's or 
Knapp's method. 

I am, on the whole, more inclined to use hydrochloric acid for 
inverting ; but if 'the acid is to be subsequently removed, I must 
acknowledge that sulphuric is to be preferred, as it is easily pre- 
cipitated by carbonate of banum. 

88. fiottger's Test The above tests also suffice for the detec- 
tion of glucose and saccharose. BSttger's bismuth tost may bo 
employed as confirmatory of the presence of the former. It consists 
in warming the liquid with a solution of carbonate of soda, to- 
gether with oxynitrate or hydrate of bismuth } if sugar bo present, 
grey suboxide of bismuth is formed. (See also 200.) 

89. "Distinctive Characteristics. The chief marks of distinction 
between the various members of the glucose or of the saccharose 
group are to be found in the difference in crystalline form, etc., 
and in the action on polarized light. In the cases here alluded to, 
use may sometimes be made of these characters, especially if tho 
solution contains only one carbohydrate and no other substance 
that might influence the crystallization or optical activity. "But 
these conditions are seldom fulfilled, and in the majority of coses 
we must> therefore, forego an exact identification of tho particular 
glucose and saccharose present, unless we have a considerable 
quantity of the substance under examination at our disuosal 
(Oi 205-207.) L 

If we have command of a large quantity of material, it would 
be best to endeavour to effect the separation of tho carboliydiuton 
by treatment with different solvents, decolonisation with annual 
charcoal and crystallization. The crystallization of gliicosu in 
favoured by direct sunlight, the presence of a small quantity of 
a mineral (hydrochloric) acid may also prove advantageous. (Soo 
also 205-207 ) 

90 - ^/f Modification of Arabic Acid. Albuminoids not Pre- 
cipitated by Alcohol.-!* almost every planUnalysis tho sum-total 
of the separate estimations of the substances soluble in wator 

ZS etc) ^ be f r d lower thm ** ** * ** 

total solids in solution. One or more substances must, theroforo, 
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generally be present that are soluble in water, not precipitate 
alcohol or neutral acetate of load and have up to the 
time eluded investigation. It might appear hazardous to make 
conjectures as to the nature of these substances, but I cannot help 
remarking that in some cases a substance seemed to me to be 
present whiolj, after evaporation of its alcoholic or aqueous solu- 
tion, did not again dissolve completely in either of those liquids. 
It appeared to agree in some of its properties with that form of 
vegetable mucilage that is obtained by dialyzing acidified solutions 
of gum, etc., which sometimes remains in solution on the addition 
of alcohol When I have mot with a substance agreeing with 
mucilage in this peculiarity, I have spoken, it is true, of a 'soluble 
modification of arable acid,' but I have not omitted to place a 
query after it 1 The further investigation of this substance is a 
desideratum for plant-analysis. 

But in thus assuming the presence of such an 'arable acid,' 
account must bo taken of the results of the nitrogen determina- 
tions to bo described in 96. By deducting the nitrogen in the 
residue of the material after extraction with water from that in 
the onginal substance, the amount in the substances soluble in 
water is ascertained If, now, ilio amount of nitiogcn present as 
albuminoids, mine acid, ammonia and alkaloid is calculated from 
the separate doteimmations and found to bo much smaller than 
the estimation by dilTeicnco, it should bo lomembored that under 
certain conditions water may dissolve albuminoids which alcohol 
fails to precipitate. 

i)91 Hftmmte AnoLlici substance, however, which in of not 
unfroquont occurrence in the vegetable kingdom, would similarly 
elude detection by tho foi ogomg oxpui imunts with tho alcoholic and 
aqueous extracts, us it is almost iiiholublo in cold absolute alcohol 
but is not procipitatod irom its aqueous solution liy tho addition 
of either spirit or load salts Tho substitnco referred to is mannitc. 
If present it would bo included in tho deficit mentioned in t$ 90, 
but would bo easy of detection, us it crystallizes with groat facility 
in long prisms and noodles and in somewhat sparingly soluble in 
cold spirit It may bo approximately estimated by piocipitatmg 
tho aqueous solution with alcohol and basic acetate of lead, 

1 Compare my ' Chem Beilrugo z Pomolngio,' Doi pat, 1878 ; Vevlagcl Dor- 
pater NatmforHcher Gosellaoh. ; and Pfeil, ' Ohem. Boitrago z Pomnlogio,' 
Dins. Uorpat, 1830. 
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\ 

removing the lead "by sulphuretted hydrogen, and any gluooso 
that may he present by rapid fermentation, The residue may bo 
exhausted with boiling 90 per cent, alcohol and allowed to crystal- 
lize in the cold. But an accurate result cannot be expected, since, 
id addition to other errors, mannite may be produced in consider- 
able quantity by the fermentation of cane-sugar. 1 For particulars 
of some substances allied to mannite see 212. 

The method of examination for bitter principles, glucosides, and 
alkaloids has boon described in 58 to 69. (See also 165 
etseq. , 171.) 

EXAMINATION FOR ALBUMfNOIDS SOLUBLE IN WATER, 
AMMONIAOAL SALTS AN.D NITRIC ACID. 

92. Extraction of Albuminoids. 1\> has already been observed 
in 74 that if the residue, after extraction with ether and alcohol, 
be exhausted with water the estimation of albuminoids in tho 
aqueous extract thus prepared will generally give inaccurate 
results. A fresh portion of material should therefore be directly 
exhausted with water, or, if 'much fixed oil is present, the extrac- 
tion with water may be preceded by treatment with petroleum 
spirit. After having removed the fixed oil (if necessary) from 
about 10 grams, the residue is dried at 40 , macerated with 
100 cc. of water, with frequent agitation, for 4 to 6 hours, and 
filtered as described in 71. If thought desirable the maceration 
may bo conducted at a temperature not exceeding 35 to 40. 
(Compare also 225 et seq ) 

Detection. With a portion of the filtrate qualitative experi- 
ments should be made Among the reagents used for tho detec- 
tion of albumen, iodine and mercuric nitrate (containing as little 
free nitric acid as possible) may be mentioned , the former colours 
it brown, whilst the latter produces a yellow colour, changing, on 
the addition of a trace of nitrous acid, to a splendid rod. The 
addition of caustic potash to albumen, previously moistened with 
solution of sulphate of copper, is followed by the appearance of a 
bluish-violet colour. If the amount of albumen present be rather 
small, these experiments may be made with the precipitates ob- 
tained by the addition of an acid to the aqueous solution ( 93). 

Mwroch&mical. These reagents also serve for the miciochemical 
detection of albumen. The latter substance possesses, moreover, 

1 Arohiv d. Pharm. XT. 47 (Jonrn. Chem. Soo. xrxviii. 100). 
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the property of absorbing aniline-violet (protoplasm generally 
assuming a bluish-violet, the cell-nucleus a reddish tint), carmine, 
cochineal, picro-carmine, etc. Note should also bo taken of the 
form in which the albumen occurs, whether crystalline or 
amorphous, etc. (See also 74, 90, 95, ] 94.) 

Protoplasm is coagulated by absolute alcohol and by glycerine. 
It becomes clear with solution of caustic potash, cloudy with 
acetic acid. Nuclei are generally stained more deeply than pro- 
toplasm by aniline-violet, etc., and by iodine. They are coloured 
deep blue by a solution of heematoxylin (1 : 30) and alum (1 : 10) ; 
the former alone also produces the samo effect if the section has 
boon previously treated with picric acid and the excess of the 
latter completely removed (Schmitz). Crystalloids dissolve in 
dilute potash, ammonia, and acetic acid. 

Precipitation Albuminous substances are precipitated by forro- 
cyanide of potassium and acetic acid, by aqueous solution of 
triohloracotio acid, and by solution of xanthogenate of potassium. 
The precipitate produced by tho last reagent becomes flocculent 
on heating to 30 (Zoller) (Seo also 95, 231, 232 ) 

8 93 Estimation of Lcgumin and Globulin. Part of tho filtrate 
(2rt to 50 cc.) is acidified with hydrochloric acid m tho cold. By 
tins means such substances as Ugnmin are precipitated, they 
should bo collected on a tared filter, washed first with water 
acidified with hydrochloric acid, tlion with 40 per cont spirit, 
dried and weighed, deducting ash (t$ 225 el scij ) If hydrochloric 
ucid has caused a precipitate, n fresh poition oi tho iiltialo should 
bo tested for glolndm by saturating with carbonic acid It should 
also be ascoi tamed microscopically whethoi tho pi ocipittito (if any) 
LS crystalline or amorphous (Cf ^ "2'2(), "227.) 

Jj 94 Estimation of Allnmen To tho iiltuito from the logumm 
(without the spirit-washings), 5 to 10 cc. of :i concentrated solution 
of chlondo of sodium are added, togcLluu with enough acotato 
of soda to remove all the hydiochlonc acid, and tho whole 
raised to tho boiling-point If i locks of albumen separate they 
must be collected, washed fust with boiling water, afterwards 
with 40 per cent, spirit, dried and weighed, deducting ash. 

In the absence of legumin 25 cc of tho aqueous extract mny 
bo mixed with 5 cc of a concentrated solution of chlondo of 
sodium and a few drops of acetic acid und treated as descnbod 
in the foregoing paragraph. (Seo also 230.) 
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95. Estimation of Total Albumen,, (a) Precipitation with 
Tmnin. Another portion (25 cc.) of the aqueous extract is 
mixed with half its volume of a concentrated solution of salt and 
a solution of tannin and acetic acid in dilute alcohol (20 grams 
tannin, 37'5 cc. glacial acetic acid, 400 cc. spint made up to a 
litre with water) added as long as a precipitate is produced. 
This is then rapidly filtered off,, washed with water and dried. 
The albumen contained in it may be determined by estimating 
tne nitrogen and multiplying by 6-25 (see 224), or by extracting 
the tannin from the powdered precipitate by boiling with alcohol, 
collecting and weighing the residue (Of. 229 ) 

This estimation of albumen should be compared with the 
previous estimations of legumin ( 93) and albumen ( 94). If tho 
determination by tannin yields a higher result, the difference may 
be taken to represent albuminous substances not precipitated by 
hydrochloric acid or by boiling with acetic acid. (Compare also 
the remarks on peptone in 233.) 

As already observed in 51, in working with substances con- 
taming a large quantity of tannin, the results obtained by pro- 
ceeding as directed in 92, et seq., cannqt be quite accurate, as part 
of the albuminous matter is retained by the tannin in tho residue 
insoluble in water. This undissolved albumen may be determined 
as directed in 96, 224. 

Amongst the substances which facilitate the solution of albumen 
we may include arabin. Gunsberg 1 has proved that albumen, of 
animal origin at least, is precipitated by gum from slightly acid 
solutions, "but redissolved by an excess. Dextrin is said to differ 
from gum in not redissolving the precipitated albumen when 
added in excess. 

96. Total Nitrogen It is advisable to determine tho total 
nitrogen in the substance under examination before and after 
exhaustion with water ; tho difference represents the nitrogen in 
the substances removed by that menstruum. If from this differ- 
ence the nitrogen contained in the albumen estimated according 
to 93 to 95 is deducted, the remainder will be nitrogen that 
has been dissolved by water in the form of ammoniacal salts, 
amides, alkaloids, nitrates, etc. The following estimations should 
be made with the object of determining as far as possible m what 
state this remaining nitrogen exists 

1 Journ. f. pmct. Chem. Ixxxviii. 239 
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97. Ammonia* A portion of the aqueous extract ( 92) is 
mixed -with two volumes of alcohol and filtered. To the filtrate 
and -washings calcined magnesia is added, and the ammonia 
distilled off into a receiver containing a measured quantity of 
normal sulphurip or hydrochloric acid, every precaution being 
taken to avoid loss of ammonia and spirting of the magnesia 
mixtiiro into the receiver. The apparatus I use is represented in 
Kg. 2. The floslc A should not be more than half full of magnesia 




mixture, and a plug of glass wool should Lo inserted in the neck 
The small tube e contains glass beads, which are moistened with 
part of the acid The distillation is complete when the vapours 
that issue on opening the clip & are froo from alkaline reaction 
The estimation may be completed in either of the two following 
ways 

(ft) The excess of acid in the receiver is determined volumetn- 
cally and deducted from the quantity taken. From the differ- 

1 Compare also Morgen, Zeitaohr. f. anal. Obem. xx. 37 (1881) 

6 
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ence the amount of ammonia may be calculated in the usual 
way. 

(6) The ammonia may be distilled into hydrochloric acid, the 
liquid evaporated to dryness, the residue alternately moistened 
and dried two or throe times, and the chlorine estimated volu- 
metrically by nitrate of silver and chromate of potash. From the 
chlorine found the amount of ammonia may bo calculated. 

Another method for the estimation of ammonia is that pro- 
posed by Schloessing. A few grams of the material made into a 
paste with water, or better, a concentrated aqueous extract, is 
mixed with nailk of lime and placed over a measured quantity of 
volumetric sulphuric acid under a boll jar. The ammonia liberated 
by the lime is absorbed by the sulphuric acid, and after standing 
two or three days at a temperature as nearly constant as possible 
(8 to 10), the amount of acid thus neutralized may be ascertained 
by estimating the excess with volumetric solution of soda, and 
from this the ammonia may be calculated 

It must be admitted 1 that in all those experiments tho action 
of the lime or magnesia on albuminous substances may result in 
the formation of ammonia. It is advisable, therefore, to remove 
such substances by precipitation with basic acetate of lead before 
distilling. Qlutamine and asparagine, however, remain m solu- 
tion. These substances, when pure, are not acted upon by either 
lime or magnesia, but Schulze believes that they undergo a partial 
decomposition in mixtures, and therefore recommends boiling 
with hydrochloric acid for one to two hours (compare remarks 
on asparagine, 191), by which they are completely resolved 
into the corresponding amido-acids and chloride of ammonium. 
The estimation of ammonia now includes the total ammonia 
derived from the asparagine and glutamme These two sub- 
stances may, however, be determined by Sachsse's method, and 
the ammonia they yield calculated and deducted. 

If the precautions mentioned have been observed, tho first 
method (a) will generally yield satisfactory results. 

98. Amido-Compounds, etc. The foregoing estimation will bo 
inaccurate if the material under examination contains amido-com- 
pounds, etc., or volatile alkaloids, as the former yield ammonia and 
the latter distil over and saturate part oFfcne acid. Many amines, 

1 Compare E. Schulze, Zeitschr. f. anal. Chem. xvii 171 (1878) j Journ. 
Chem. Boo. zzziv. 308. 
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etc., thus liberated, yield with perchloride of platinum doubl 
( 183) that are soluble in ether-alcohol, and error may theicx 
be frequently avoided by precipitating a second portion of tne 
distillate with excess of perchloride of platinum, evaporating on 
the water-bath, extracting the residue with ether-alcohol, drying 
and weighing instead of titrating the excess of acid with an alkali. 
If both experiments yield the same result it may be concluded 
with tolerable certainty that no amides, or only traces, are present. 
If tho estimation by the first method gives a higher result than 
that by the second, the former is to be regarded as the more 
accurate, and the excess noted as amido-compounds, etc. If, on 
the other hand, the estimation by platinum is higher than that 
by titration, the presence of an amide forming a double platinum 
salt insoluble in ether-alcohol and of a higher molecular weight 
than ammonia would be indicated. In the method of deter- 
mining ammonia described in 97, 6, certain chlorides of amines 
and alkaloidal substances, as for instance coniine and nicotine, 
would be almost completely volatilized, and thus escape esti- 
mation 

The separation of ammonia from many amines may frequently 
bo effected by taking advantage of tho difference in solubility of 
tho chlorides, sulphates, and oxalates of the respective bases in 
aluoliol In preparing larger quantities of the base for closer 
investigation, tho material might bo distilled with magnesia or 
hmo (97 a), tho distillate received in ono of tho above-mentioned 
acids, and evaporated to dryiiess on the water-bath The residue 
might bo extracted with alcohol, tho solution ogam evaporated 
to (Iryness, and tho distillation with alkali repeated, if possible, 
in a current of hydrogen (Cf. 239.) 

99 Nitric Acul. For tho estimation of nitric acid another 
portion of the aqueous extract of 71 is token and treated by 
Schulze's 1 . or Wulfort's 2 method. 

Schulze directs tho liquid to be treated first with pure potash, as 
long as ammonia is evolved, then with permanganate of potassium 
(free from nitrate) till the colour is permanent after ten minutes' 
boiling Excess of permanganate is removed by formic acid, the 
solution neutralized withsupure sulphuric acid and evaporated to 
about 10 cc. This is then introduced into the flask A of the 

1 Zeitsohr f. anaL Cham vii. 392. 
3 Landw. Versuchsstationen, xii. 164. 

62 
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apparatus recommended by Schulze 1 (Fig. 3), a weighed quantity 
of powdered aluminium added, and solution of caustic soda slowly 
. ; from the deficit in the amount of hydrogen yielded tho 



run m 




Tig. 3. 

nitric acid present may be calculated. Tho following are tho 
details of the operation 

A measured quantity of solution of caustic soda is introduced 
into the pear-shaped flask B. The end of the glass-rod c is 
accurately ground into the delivery-tube of B, so that no soda 
can escape into A until the rod c is raised. The tube C is 

1 Zeitsohr. f. anal. Ohem. ii. 879, and vi. 379. 
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graduated, and communicates with D by means of an incut 
tube. Both C and D are filled with water till the zero i 
reached^ the water standing at the same height in D. The soh 
of soda is then allowed to flow slowly into A (which already con- 
tains the liquid and powdered aluminium), so that the experiment 
may last from two to three hours. The hydrogen evolved causes a 
rise of the water in D, but by occasionally opening the dip at g, it 
may be maintained at ahput the same level in both tubes. Care 



the same before the final reading is taken. From the volume of 
gas thus found the volume of the caustic soda introduced from 3 
must be deducted, and the remainder corrected for temperature, 




ro, and tension of watci -vapour. A previous "blank expen- 
mcmt having shown tho amount of hydrogen obtainable fiom the 
aluminium taken, tlio nitric acid may bo calculated from the 
duficit, \ molecules of hydrogen coirosponding to 1 of nitric 
acul or iiitrato of potassium 

100. Wtilfort's method is a modification of Schloessing's 
(1<3 vi sod by Sohulzo '5 to 1 gram of the powdered substance is 
Iwilud wi(,h water to wlucli a little milk of lime has been added, 
nik'iod mid washed , the filtrate and washings are then evaporated 
to HO or 40 cc , and again filtered Tho filtrate is neutralized with 
hydrochloric acid and introduced into the flask A (Fig 4), the 
nock of which has been drawn out so as to admit of connection 
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by means of an indiarubber tube with the bent glass tube a, Tho 
longer leg of the latter is similarly connected with a second bent- 
gloss tube c, communication being regulated by a clip at &. The 
clip being opened, the atmospheric air in the flask is completely 
expelled by boiling the liquid down to at least one-fourth of its 
original bulk The end of the glass tube c is then introduced 
into a precipitating glass containing about 30 cc. of a concentrated 
solution of ferrous chloride, and, after allowing a little steam to 
escape, the clip at b is closed and the lamp removed. As soon as 
a partial vacuum has been produced in A, the clip is cautiously 
opened, and about 20 cc. of the iron solution allowed to enter. 
The precipitating glass is then filled with hydrochloric acid 
(sp. gr. 1'12), and 25 to 40 cc. introduced in a similar manner, so as 
to sweep the iron solution out of the tubes into the flask After 
closing the end of the tube c with an indiarubber stopper, it is 
introduced into a mercury-bath and brought under a cylinder B, 
previously filled with mercury. The stopper is now removed, 
and the flask again heated until the pressure in the interior is 
nearly equal to that of the atmosphere By opening the clip &, 
and regulating the pressure with the finger and thumb, the 
mercury is allowed to rise in the tube so as to drivo most of tho 
hydrochloric acid into the flask; it must, however, itself bo 
carefully prevented from passing into the latter. After the 
external pressure has been overcome, tho heat is so regulated that 
half the liquid in the flask distils over in eight to ten minutes It 
is then certain that all the nitric oxide that has been formed has 
been driven into B. The latter is provided with a glass-tap d, 
and can be connected air-tight with a measuring tube / After 
cooling, the measuring tube filled with moicuiy is fitted on to 
the cylinder, and the nitric oxide transferred to it by opening tho 
tap and sinking the cylinder. The amount of nitric acid may 
then be calculated from the volume of nitric oxide found l 

101. Sclerotic, Cathwtic Acid, etc. If the total amount of 
nitrogen in the aqueous extract ( 96) is now found, on com- 
parison, to be larger than that present as albuminoids, alkaloids, 
ammonia and nitrates already estimated, the excess may bo 
reasonably ascribed to certain albuminous substances not pre- 

1 On the estimation of nitrio acid in cultivated plants, Bee also Sohloessmg, 
Joum. f. praot. Chem In 142 ; Fruhling und Grouven, Landwirthsoh. 
Verstichsst. ix. 9, and 160 (1867) , Raiohaidt, Zeiteohr. f. anal Chem ix. 21 
(1870) (Journ. Ohem. Soc. xxiv 489). 
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cipitated in 93, 94, or certain amido-acids, such as 
or cathartic acid, etc. (For the latter see 242.) 

EXAMINATION POB INTJUN. 

102. Extraction and Estimation. It has already been mentioned 
in 76 that in dried drugs the majority of this carbohydrate is 
present in the form of an insoluble modification ; in fresh it is 
always dissolved in the coil-sap. Dried drugs may accordingly be 
treated first with cold water as directed in 71, 92, and the 
residue digested for some time with water at 65 to 60 (not 
higher). At this temperature inulm passes into solution. From 
a measured volume of the aqueous extract it may be precipitated 
by the addition of three volumes of alcohol; and if for every 
100 oc. of mother liquor a correction of O 1 ! gram of inulin is 
made, it may be thus estimated with tolerable accuracy. 1 

Characters. Inulin is not precipitated in a gelatinous or curdy 
form, but in a pulverulent condition. It has already been ob- 
served that an aqueous solution is iBevo-rotatory, and that boiling 
with a dilute acid converts it into Isevo-rotatory fruit-sugar 
(lovuloso). Inulm may be satisfactorily estimated by converting 
it into lovuloao and titrating with Folding's solution Of course, 
the above mentioned correction must be made. 

1 hliould not, however, proceed to tho extraction with water at 
tff) to 60 unless a prolimmaiy experiment had indicated the pro- 
bable presence of inulin, 

Mm oscopwd. In diieil drugs inulm usually appears, under tho 
mioroscopo, in tho fonn of agglomerated masses in tho parcnchy- 
matous colls If fiosh pints of plants that contain inulm aic 
allowed to stand for suvoral days in strong spnit, it is deposited 
in very characteristic Rphsrio-crystals, which dissolve in acid and 
alkali without swelling 

Inuloid, which is wild to occur in spimg in tho rhizomes of 
plants of tho natural order Composite, may also form similai 
HphooTO-crystals., as do also maiattin and a substance found in 
Acotabulana meditorranoa which has not yet been closely investi- 
gated. (Of 8 81.) 

Inuloid is said to be distinguished from inulin by its somewhat 
greater solubility in water. 2 

1 Compare my ' Matonalien zu einer Monographic des Inulum.' St. Peters- 
burg, 1870. 

a Compare Anna!, d. Cham. u. Pharm. clvi. 190. 
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EXAMINATION OF SUBSTANCES SOLUBLE IN DILUTE CAUSTIC 
SODA ; METABABIO ACID, ALBUMINOUS SUBSTANCES, PHLOBA- 
PHENES, ETC. 

103. Extraction. The residue insoluble in water ( 71) is sus- 
pended, whilst still moist, in water containing a known quantity 
1 (about 0-1 to 0-2 per cent.) 1 of caustic soda in solution, using 
about 10 cc. -of alkaline liquid for every gram of original 
substance After standing for about twenty-four hours, with 
frequent agitation, the mizture is filtered. From 20 cc. to 50 cc. 
of the filtrate are acidified with acetic acid, mixed with 3 volumes 
of 90 per cent alcohol, and allowed to stand for twenty-four 
hours in a cool place The precipitate is then collected on a tared 
filter, washed with 75 per cent, alcohol, dried, and weighed, do- 
ducting ash. This precipitate usually consists of mucilaginous 
substances (pectin) and albuminoids The former generally cor- 
responds to Scheibler's metarabic acid (195) 

104. Detection and Estimation of Albumen. If Lassaigno's test 
shows the presence of a considerable quantity of albuminous sub- 
stances, these should be estimated and deducted. To thin end 
another portion of the filtrate is precipitated as in 103, the 
nitrogen in the precipitate estimated and calculated into albu- 
minoids ( 224) This amount is then deducted from the weight 
of the precipitate in 103 (See also 220 et seq, 23G to 238 ) 

105. Estimation. But the amount of albummoiis substances in- 
soluble in water thus found cannot be noted as such in the summary 
of results unless it corresponds to that calculated from the nitrogen 
in the residue insoluble m water, as directed in 96. If the latter 
is lower, it is to be regarded as the more accurate of the two , the 

1 Not more, otherwise starch is attacked. 
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< 

explanation of this is to be found in the fact alluded to in 92 et 
seg., viz., that the material treated according to 103 has heen ex- 
hausted with ether and alcohol previous to being extracted with 
water, and that therefore the quantity of albuminoids taken 
into solution is smaller than that extracted according to 92. 
But since the soluble albuminoids are determined in material that 
has not been subjected to the action of ether, etc., it follows that 
tho nitrogen in the residue after exhaustion with water should 
guide us in estimating the insoluble albuminoids. 

It should be observed that one extraction with dilute caustic 
soda is often insufficient to remove all the substances soluble in 
that menstruum. The treatment should therefore be repeated a 
second and, if necessary, third time. 

106. Albuminoids not Dissolved ly Dilute Soda. There still 
remains the question whether the assumption is admissible that 
all albuminoids insoluble in water are dissolved by the dilute 
caustic soda used in 103. I can only reply that in a large 
number of experiments made by Stackmann, Koroll, and Cramer- 
DolmatofT, 1 tho residue after extraction with water, alcohol, and 
soda was always tested for nitrogen, with the result that in 
none but substances very rich in subcnn could it be said that 
a little was often pie&eut Of course, it would bo possible 
to apply Lassaigno's test to tlio icsitlue after extraction with 
dilute soda, if oudeneo of mtiogcn be obtained, the amount 
should lie estimated ami calculated as "albuminoids insoluble 
in dilute soda." in expoinneiits made by Ticflnor J on mosses 
in my Libomtwy it was Jtouml th.it the amount might occasionally 
bo veiy considerable At all events, it mtiogcn is present, the 
quantity should bo dotoi mined (Cf & 232, 238 ) 

107 tiiilktinucs Diwileed by Dilute, Sotlit t not Pi capitated by 
Alcohol Tho hllmle and washmys fioni tho precipitate obtained 
in 8 103 are ovapoititod to drynoss, and the calculated amount of 
ncetato of soda deducted fiom tho dried losiduo (See 237 ) 
The remainder represents the substances soluble in dilute caustic 
soda, not precipitated by acetic acid and alcohol If the residue 
dissolves completely in a few cc. of water it may bo concluded 
that no substance allied to plilobapliono, soluble in alcohol, is 
present In th.it case tho organic matter (apart from the acetate 
i See the disseitatious, etc., subsequently quoted. 
3 Dibsertation. Dorpat, 1881 
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of soda) is sometimes a decomposition product of metardbic add or of 
allied mucilaginous substances. The action of caustic soda on tho 
latter often results in the formation of products that arc not pro- 
cipitable by alcohoL But this body that thus remains in solution 
on adding alcohol mil be more often found to belong to tho 
albuminoids. (See 235.) 

108. PMolaphene. A brown residue insoluble in water would 
frequently consist of phlobaphene. (See also 48.) It should bo 
collected on a tared filter, washed, dried, weighed, and deducted 
from the evaporation-residue in 106 before the weight of tho 
substances derived from mucilage, caseine, etc., can bo arrived at. 
(See also 246 ) 

The polyponc add, isolated by Stahlschmidt, 1 may also bo 
mentioned here It is insoluble in water, ether, benzene, bisul- 
phide of carbon, and glacial acetic acid, sparingly soluble in warm 
chloroform, alcohol, and amyhc alcohol, but dissolved by diluto 
ammonia, forming a violet liquid, from which it is precipitated 
by hydrochloric acid. It crystallizes in rhombic plates, and moHs 
at about 300. 

'Eumus' I am convinced that the 'humus ' mentioned in old 
plant-analyses was in reality partly phlobaphene and its doconi- 
position-products. In the majority of vegetable substances 
humus is not to be found, unless they are already in a fltato of 
decomposition Perhaps some thick barks and lignifiod funj?i 
might yield substances with characters resembling thoso posHUHHCil 
by humus. To solvents such substances would, it is truo, H!IOW a 
behaviour similar to that of the phlobaphenes , but in (listiiifiuwh- 
ing them we may take advantage of the fact that tho majority of 
the so-called humic substances contain hydrogen and ox} <m in 
the proportion in which they exist in water, and that liuniuh docs 
not yield the decomposition-products mentioned in 43 when 
acted upon by fused caustic potash 

****** m (im] (J " um Chwn * 
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EXAMINATION OE SUBSTANCES SOLUBLE IN DILUTE HYDEO- 
OHLOBIC Aon) ; PABAEABIN, OXALATE OP CALCIHM, ETC., AND 
STAEOH. 

109. Method of Extraction. The insoluble residue from 103 
is -washed with -water (which is beat accomplished either by de- 
cantation or as directed in 71), and suspended in -water con- 
taining 1 per cent, of hydrochloric acid It is advisable to adhere 
to the same proportion of menstruum to material as already 
recommended The method of procedure now depends mainly 
upon the presence or absence of starch and of pararabin (or allied 
substance). The former may be recognised under the microscope 
by the blue colour the granules assume when treated with an 
aqueous solution of iodine l 

110 Estimation of Ordatc of Calcium. Ike simplest case 
would bo that in which neither staich nor paiarabm is piesent 
The only object m digesting with dilute hydrochloric acid would 
thon bo to extract oxalato of calcium To effect tins the digestion 
should bo continued for about twenty-foui hours at a tompeiatme 
of 30. A measured quantity of the nitrate may bo neutralized 
with ammonia, or mixed with a known quantity of acetate of soda 
sufficient to convert nil tho hydrochloiic acid into chloride of 
sodium. The oxalato of calcium, which sepaiates out insoluble 

1 If large quantities of mucilaginous, ( albuminous) substances are present, 
this colouration is not perceptible on dnectly moistening a transverse section 
with iodine water The mucilage (or albumen) must be first removed by treat- 
ment with a dilute (0_l__per cent) solution of caustao soda A stronger 
solution should not be employed, aa it might act upon the starch itself. If the 
residue from 103 is examined, the treatment with alkali is of course unneces- 
sary. For a classification of starches, according to the shape of the granule, 
see Well's ' Monographie der Starkekorner,' Basel, 1858 ; and Vogl, Zeitscnr. 
d. oeterr. Apoth. Ver. 1866, pp. 290, 310. 
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i acetic acid, is allowed to settle, and when the supernatant liquid 

i perfectly clear it is poured off, and the precipitate transferred 

> a fine filter, washed and dried. It may then be converted 

L-flier into carbonate by gentle, or into oxide by strong ignition, 

nd from "the weight of either the amount of oxalate calculated. 

"he filtrate and washings are evaporated to dryness, and the 

>sidue weighed. As the amount of chloride of sodium and un- 

Bcomposed acetate is known, it will thus be ascertained if other 

ibstancea (albuminoids, 223 6t sty.) have been dissolved by 

ilute hydrochloric acid. 

Instead of estimating the oxalate as carbonate or oxide, tho 
ashed precipitate may be dissolved m dilute sulphuric acid, and 
ie oxalic acid determined by titration with permanganate of 
>tassium. (Of. 81, 219.) 

Microscopical Examination, Oxalate of calcium ie always do- 
isited in plants in the crystalline condition, and its presence 
ly therefore be confirmed by microscopic examination. The 
petals must be insoluble in water, alcohol, and ether, but soluble 
dilute hydrochloric acid. 

It should also be ascertained, by means of the microscope, if all r" 

3 oxalate has been dissolved by tihe treatment directed in 109. 
that is not the case, the maceration with dilute acid should bo 
)eated. 

5 111. Estimation of Oxalate of Calcium and Paraiafan If the 
alate of calcium is accompanied by pararabin, but not by starch, 
) maceration is continued for twenty-four hours as before , but 
'vious to filtering, tho whole is rapidly raised to the boiling- 
nt in a flask provided with an upright condenser A measured 
intity of the filtrate (filtered whilst hot) is neutralized with ' 

monia, and mixed with 2 to 3 volumes of 90 per cent alcohol 
i precipitate, which contains oxalate of calcium and pararabin, ^ 

'ollected on a tared filter, washed with 60 to 70 per cent 
>hol, dried, and weighed It is then incinerated, tho ash cal- , 

,ted to oxalate of calcium, and deducted from the weight of 
precipitate. The remainder is tho weight of the pararabin 
he filtrate and washings from the precipitate may be ovapo- 
d to dryuess as directed in 110, in order to ascertain if other 
tances have been dissolved. Here, too, albuminous substances 
possibly be found, and they may also be present m the 
ipitated pararabin. Should that be the case, they may be 
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estimated by determining the nitrogen in a portion of the preci- 
pitate. (Of. 233.) 

112. Estimation of Pararabin alone. If pararabin 1 'alono is 
present, the estimation may be conducted as described in 111, 
with the exception, of course, that the determination of calcium is 
unnecessary. After precipitation with, alcohol, pararabin swells 
in contaqt with water, but docs not dissolve unless an acid be 
added. It is precipitated by alkalies, and does not yield arabinose 
under the influence of dilute sulphuric acid. (Of. 245.) 

113. Estimation of Starch and Oxalate of Calcium. If pararabin 
is absent, but oxalate of calcium and starch are present together, 
the material under examination may bo boilod (not digested on a 
water-bath) with 1 per cent, hydrochloric acid for four hours in a 
flask provided with an upright condenser. The flask is weighed 
before and after boiling, and any water that may have been lost 
by evaporation replaced. In one portion of the filtered liquid the 
oxalate of calcium may be determined as directed in 110, and 
in another tho glucose produced from tho starch estimated by 
titration with Fohling's solution ( 83). 

Tho modification necessary whon starch alouo is present needs 
no special doscuption 

114 Estimation of Oxidate of Oak ium, Rtnrch, ami Pinnialun 
The following is tho method T luivo adopted when ovalato nf 
calcium, starch, and pmnialnn mo piosonfc together Water is 
added to tho substance under cviumnntiou in tho proportion of 
10 cc for every gnnn, and tho whole brought to tho boiling-point 
After cooling to 10 J or HO", ;i centiguini 01 nioio ol good, active 
diastase is added, and tho maceration continued .it tho saino 
temperature until tho starch-] MIS to is completely liquefied Tho 
residue, after filtering and washing, i.s tioatcd according to 111. 
A measured quantity of tho filtrate continuing tho maltose and 
dextrin produced from tho staich is acidified with hydrochloric, 
acid and boiled as directed in $ 113, tho glucose being finally 
estimated with Folding's solution and calculated into stmoh 

llfi. Estimation of Starch (Hone. Tf a vegetable substance, 
especially one rich in mucilage, motaiaLic acid, pararabin, glueo- 
sidos, etc., is to bo examined for starch without previous troat- 

1 Compnro fteichardt, Bor. d. d Ohom. GOB. viii, 807 (1875) (Jcmrn. Client. 
Soo xxvm. 1170). 
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ment with various solvents, a method that I published in 1861 1 
may be adopted by which the substances that accompany the 
starch are removed. The powdered material is mixed with 
30 parts of a 4 per cent solution of caustic potash in alcohol, and 
heated to 100 for a day or two in a well-closed flask. After 
filtering and washing with spirit till free from alkali, the substance 
on the filter is exhausted with water; and to effect this it is 
advisable to transfer it to a beaker. The residue insoluble in cold 
water is boiled with dilute hydrochloric acid, and treated as 
directed in 113. The caustic potash acts upon the foreign sub- 
stances which interfere with the direct estimation of the starch, 
rendering them soluble partly in alcohol, partly in water, whilst 
the starch itself is not attacked. (See 243.) 

'm. f Landwirthsch (May, 1862), and Phann Zeitsohr. f. Russland, 
"'or the estimation of starch as glucose after the action of dilute 
acid, see Musoulus, Chem. Gentrolbl. 1860, p 602 (Am. Journ 
rii 433) , and Phihpp, Zeitschr f anal Ohem. N F. ill 400. Sochsse 
auol Ohem xvii.231, 1878, Year-book Pharm 1878, 97), haa shown 
version is tetter effected by hydrochloric acid 1 per cent, of the 
ho liquid. Both Sachsse and Nogeli found that the analyses of 
more accurately expressed by the formula 60 fl H 10 B + H 3 0, than . 
illy adopted, TTZ, O a H 10 B . 
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vm. 

DETERMINATION OF LIGNIN AND ALLIED SUBSTANCES AND 
OF CELLULOSE. 

118. Lignin, Inciting and Cuhcular Substances. The residue 
of the powder insoluble in all the foregoing menstrua, after 
treatment as directed in 109, is washed with water, dried, 
and weighed. After having been again finely powdered, it is 
macerated in freshly prepared chlonne-water (in the proportion of 
about 100 cc for every gram of substance), until the colour 
changes to a pale yellow If 2 to 3 days do not suffice, the chlorine- 
water must be drawn off and replaced by fresh, and this treat- 
ment repeated if neccssaiy. It is finally collected on a taxed 
filter, and washed first with water, then with very dilute (0 3 per 
cent ) solution of caustic pota&h until the washings are colomless, 
the alkali being ultimately removed by pure water The loss in 
weight after drying represents the amount of hgnm, the so-called 
incrustmy substances, the majunty of the sulenn ami cuttcular sub- 
stance. (Of 247.) Biomme-water lus been pioposod in the 
place of chlorine- watoi, but it docs not act so energetically. 

With regard to the mictochenncal examination) I may observe 
that hgnifiod tissues absoib fuchsm from its aqueous solution, and 
lotain it so tenaciously that they appear stained deep-red even 
after maceration in glyconne, which removes all the colouring 
matter from non-ligmfiod tissue Eussow 1 recommends the object 
to bo placed on a slide with a drop of dilute aqueous solution of 
aniline-rod A drop of glycerine is then brought into contact 
with the edge of the covershp on the slide, and left for twenty- 
four hours Stiles 3 macerates in a dilute solution of chlorinated 
lime (1 in 60), then transfers for an hour to a solution of hypo- 

1 Sitz-ber d Dorpater Naturf. GeaeUsoh. 1880, p. 419. 

2 Pharna. Journ. and Trans. [3], vi. 741. 
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sulphite of soda (1 in 32), washes with alcohol, and finally removes 
to a dilute alcoholic solution of acetate of rosaniline (1 in 960), 
the excess of which is washed out with spirit. Aniline-blue is 
said to impart a fine hlue or violet colour to the parenchyma of 
the medullary rays, etc. The solution is made by dissolving 
0'0325 gram of aniline-blue in 3 '88 gram of water, adding 
0-6 gram of strong nitric acid and spirit to 48 grams. After 
staining red as directed by Stiles, the section may bo immersed 
for a few minutes in the solution of aniline-blue, washed with 
spirit and finally treated with cajeput oil or turpentine. 

Wiesner 1 has described a qualitative reaction for woody tissue, 
which consists in moistening the section with a 0'5 per cent, 
solution of phloroglucin, and subsequently treating with hydro- 
chloric acid. The lignified tissue assumes a reddish or violet colour. 

117. Estimation of Cellulose The residue, after treating as 
directed in 116 and weighing, is a- mixture of cellulose, inter- 
cellular substance, remains of the cuticular substance, etc , together 
with a little ash (and possibly also sand). It may be removed 
from the filter (which should be reserved), powdered, and 
introduced into a flask containing 50 to 100 cc of nitric acid 
(sp. gr. 1'16 to 1/18) ; 1 to 2 grams of chlorate of potash are then 
added, and the mixture allpwed to stand in a cool place with 
occasional agitation until the insoluble matter appears almost 
white. If this is not effected in a day or two the mixture may 
be warmed for one or two hours to about 40 (not higher), and 
again allowed to stand. If this is not successful the strength of tho 
nitric acid may be increased until it reaches a specific gravity 
not exceeding 1 20. After the action of the acid has been continued 
long enough, it may be diluted with water and filtered, taking 
care to pour the supernatant liquid on to the filter, leaving tho 
insoluble matter as long as possible in the flask After washing 
free from acid, it is treated with dilute ammonia (1 in HO of 
water) as long as that is coloured brownish, and finally with 
alcohol and, if necessary, with ether. The residue is dried and 
weighed. The loss in weight usually represents intercellular 
substance and certain carbohydrates allied to cellulose, but loss 
resistent (hydrocellulosos), etc (See 245, 246.) The residue 
on the filter consists of cellulose with a little ash (silica, sand, 
etc ), that may be estimated and deducted. (See also 248.) 

1 ZeitscLr. f. anal. Ohem. xvii 511, 1878 (Journ. Ohem. Boc. xxxiv. 612). 
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OONOLUDINQ- REMARKS. 

118. In compiling the foregoing method of analysis, one 
object that I had in view was to show how, when working upon 
a small quantity of material, say 30 to 50 grams, an insight into its 
composition might bo gained, so that at least the presence or 
absence of the more important constituents of plants might be 
ascertained. I wished to show further how the constituents 
actually present might be estimated, oven if no more than the 
above-mentioned quantity was available. I had therefore to 
devise a combination of qualitative and quantitative analysis, and 
'the fact that a considerable number of the same constituents occur 
in the majority of plants justified mo in making the attempt 

Moans have also been indicated by which attention would be 
drawn to the presence of substances that occur only in single 
plants or in smaller groups of the vegetable kingtlom In this 
respect the foregoing method is of course but an introduction, the 
special application and perfection of which for each separate case 
must bo loft to the investigator himself Processes for the quan- 
titative estimation of certain substances, and especially such as 
are of considerable poetical importance in medicine, agnculturo, 
ok- , have already been recommended, and will bo followed by 
others in Lho second pn.it of the woik 

8 1 li) It must lie admitted that many of the proposed methods 
of detection and estimation cannot boa-4 ot the accmucy attain- 
able in tho analysis of womo inorganic suhstancos. For this 
rouHon I advise beginners to refrain from calculating then analyses, 
iifl is frequently done, to tho fonilh and oven fiH,h place ot deci- 
mals Such calculations often mislead leadoiH less acquainted 
with the subject to attach to tho separate dotennmatioiiH an im- 
portance to which they aio not entitled 1 consider it ample to 
cany tho calculations to the second decimal place 

To those who oak of what use analyses are, tho accuracy of 
which I havo myself this moment questioned, I reply that tho 
object of analyzing a vegetable substance, as foi instance ergot, is 
not HO much to ascertain tho exact composition of a fungus pro- 
duced on a certain oar of ryo in a ceitain field, but to obtain 
information us to tho approximate composition of ergot in general, 
the specimen under examination being taken as a representative 
of tho drug. Attention must bo specially drawn to the fact that 

7 
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in different years and different localities tho proportions in which, 
the constituents of ergot occur present certain variations. 

If, on the other hand, an approximate analysis is not required, 
but in its stead a fairly accurate comparison of specimens gathered 
in different fields, then it must be borne in' mind that only certain 
practically valuable constituents have to be token into account, for 
the estimation of which more accurate methods may not unfro- 
quently bo devised. This we ore generally able to accomplish, 
for we are in a position to elaborate the necessary mode of treat- 
ment, to determine the extent of the errors involved, and the 
corrections to be made for them, and to make several estimations 
from the same material from which a mean may be calculated. 
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IX. 

SPECIAL METHODS FOR THE ESTIMATION OF CERTAIN CONSTI- 
TUENTS OF PLANTS, SUPPLEMENTARY NOTES TO THE PRE- 
CEDING EXPERIMENTS. 

FATS AND THEIR CONSTITUENTS , CHOLESTERIN, FILIOIN, ETC. 

120. Estimation of Fixed Oils For reasons given in 8, I 
recommended the use ot benzene some twenty years ago 1 for 
extracting fixed oils Petroleum spirit, which I subsequently 
introduced for tho same purpose, has the advantage over benzene 
of being more volatile and possessing a le&ser solvent power for 
roKiiiH, etc. (Cf UG ) Tho use of benzene was afteiwaids 
advocated by Hoffmann 2 ulao, who g:i\e it the preference over 
other :ind "bisulphide of carbon Othei methods ioi estimating 
Ji\o<l oils have been dosonbed by Munch 3 Yimous foims of 
appumtuH Unit may bo used have foimed tho subjects of commu- 
iiicftLjoiiH from Storcb, 1 Wagner/' Simon," Tollens, 7 Schuke, 8 
Tuchuplowitz, Medicup, 10 Sunvoit, 11 Hn schsohn, 12 Keysoi, 13 and 
others 

The apparatus represented in Fig 5 is that last devised by 
TollonH. Jt coiiRistfl of a weighed flask, A, holding about 100 cc , 
to which is tightly fitted, by moans of a perforated cork, a glass 
tube B \ tho latter is about 30 mm. in diameter at its upper, and 

I riinrm Zoitschr. f Biissland, i. 44, 1862 ; Anm. Zeitschr. f anal Chem. 
i. 41)0 

a ZoilHchr f - anal Chemie, vi. 308, 1867 

6 N. Jahib. f. Pharm. xxv 8, 1866. 

* Koilnclu. f. anal Chemie, vii 68, 1868. e Ibid. ix. 864, 1870. 

B Ibid. MI. 179, 1873 (Journ. Ohem. Soo. xxvu. 293). 

' Ibul xiv. 82, 1876, andxvii 320, 1878. 8 Ibid xvn. 174, 1878. 

Jbld. xviii. 441, 1879. " Ibid xix. 163, 1880. 

II Lantlw VeraucbBBt xxui. 817, 1879 (Journ Chem. Soo. AXXVI 558). 

" Arolii v d. Jf harm. [3], x 486, 1877. u Farm. Tidakr. 1880, Noa. 9 and 19. 

7 2 
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fi to 7 at its lower extremity ; the former commimicates by means 
of perforated corks with the condenser D. A glass tube, E, about 
20 mm. in diameter, is supported upon a bent glass rod, F, m such 
a manner that the condensed vapour from drops directly into 
it. In this tube, E, the substance to be examined is carefully 
pocked , a piece of filtering-paper is then tied over the lower end, 
and a small circular filter laid upon the surface of the packed 
aubstanco. During the extraction the heat is so regulated that 
the material is constantly covered by a layer of ether 1 to 2 cm. 
thick 

121. Reswiification The rapidity with which an oil resrm'fies 
may be ascertained by exposing it to the air in fhin layers and 
noting the daily increase in weight Parallel experiments should 
bo made with almond and linseed oil under precisely similar con- 
ditions. The oil used should be quite free from any trace of 
petroleum spirit. 

8 122. Elaidin Test. This test ( 12) consists in passing nitrous 
acid into a few cc. of the oil and observing the length of time that 
olapses before solidification takes place Another method is to 
introduce copper turnings or a little mercury, together with nitric 
acid, into a test-tube, and pour a few cc of the oil upon the 
mixture The colom also of tho claiclin pioduced may be 
characteristic of tho oil under examination. 

lining f> grama of nitiic aoid, sp gv. 14, and 1 grani^ of 
morouiy to 10 grains ot oil, Ma-ssie 1 observed the following 
reactions : 

On agitating tho oil with the nitric acid alone foi two minutes 
and allowing llio liquids to hopaiate, tho following colourations 
wore observed : almond, hazolnut, Minllower-.seed oil, coloinless or 
aligMygi emuli, olivo oil, (jiecn^h, ulnfc 01 dujlitly i/Mov islt-green t 
or duMnetly gif&n., ground-nut oil and poppy-seed oil, 1 eddish, 
castor and hosume" oil, i/eHlonush or ydloim'JirOi ange f oil of white 
mustard, apricot, walnut, ciunolmu, hooch, rape and linseed oil, 
dumped 01 ledduhrortmye, oil of black mustard, cotton and 
hemp-seed oil, lrou>ii or Ivou indi-red 

Tho acid was coloure<l yellowish by olive oil (occasionally), 
saffron-yellow by sesam^, light brown with cotton, and slightly 
rcddwh or greenish by hemp oil. 

After the addition and solution of the mercury, the mixture is 
i Journal de Pharm et de Chim. [4], xii. 13, 1869. 
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shaken at intervals and finally set aside, 
tions were made : 

After 20 to 30 imna 
white or pale-greenish 

) 

lemon-yellow 

pale yellowish 

pale reddish 

red 

rose * 

yellowish-orange 

red 

yellowish -orange 

cherry-red 

orange 

reddish-yellow 

pale reddish 

reddish-brown (effervesces) 

pale reddish 

dark orange-ied or reddish 

brown 



The following obaevva- 



Almond 

Hazelnut 

Sunflower-seed 

Olive 

Ground-nnt 

Poppy 

Castor 

Sesame* 

Aprioot 

White mustard 

Camelina safava 

Walnut 

Beech 

Rape 

Colza 

Linseed 

Black mustard 

Cotton-seed 

Hemp 



After 1 hr. 
white. 

ii 

lemon-yellow 
palo yollowiHh-groon. 
pale roddmh. 
red 

yellow 

yellowish-orMigo. 
rose. 

i eddish yollow. 
roddinh-onvugo. 
reddish-yellow, 
reddish-orange, 
orange-yellow, 
polo yoUowiHh-or&Hgo. 
roddiqli-brnwu 
reddish-yellow, 
palo orange-rod or rod. 
reddish-brown. 



The following oils solidify almond in 1| hr , hazolnut in 1 hv., 
olive oil in 1 hr., ground-nut in If hr., sesamo in 2^ hr., apricot 
in If hr, beech in 6 hr., rape in 3 hr., colza in 3^ In 1 ., cotton in 
If hr. ; the remainder do not solidify at all. 

123. Behaviour to Sulphimc Acid Cassolman 1 observed tho 
following rise in temperature when 50 cc. of the oil wore mixed 
with 10 cc. of cone, sulphuric acid : 

Linseed "from 14 to 132' to 134 
Sunflower 92. 
Poppy 92 
Ohro 48- 

Almond 59' 

With the oil from peony-seed Stahre and myself 2 observed u riso 
to 68, whilst almond oil rose to 48. 

124 Behawowi to Reagents mentioned in $ 12. Cassolman has 
made the following observations with tho reagents mentioned in 
12: 

1 Pharm. Zeitschr. f. Russland, 299, 1867 , Zeitaohi f anal. Chomie. vi 470 
See also Chateau 

a Archiv d. Pharm [3], xiv 412, 631, 1879 (Journ. OhemTsoc. xxxvi. 
1043). 
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Stannic chloride produces the following changes in colour: 
linseed, dirty yellow, passing to green , sunflower, white, turning 
brown ; poppy, greenish ; hemp, yellowish-green ; olive, bright 
yellow , almond, scarcely yellowish. On warming with chloride of 
zinc linseed oil becomes green, and hemp oil assumes a fine groou 
colour, while the remainder undergo no change. Syrupy plwsplwric 
acid forms a sort of emulsion with linseed and poppy oil, but not 
with the others. 

Wavmmg with mercuric nitrate colours linseed oil from dork 
green to brownish-red , sunflower, bright yellow ', poppy and hemp 
oil, green, turning brown j olive, dark yellow, passing to orange 
red , almond, deep chrome. 

Bieber 1 used nitric acid of sp. gr. 14, and also a cooled mixture 
of equal parts of cone, sulpliwic and fuming nitric acid in the pro- 
portion of 1 volume of reagent to 5 of oil. 

Hauchecorne 2 has published reactions of oils with peroxide of 
hydrogen) but without specifying the strength of the reagent. Ho 
states that on shaking 1 volume of solution of peroxide of 
hydrogen with 4 of oil, olive assumes an apple-green , poppy, a 
flesh colour ; sesam6, bright red , ground-nut, greyish-yellow , and 
beech-nut oil, an ochre red According to Cohne", drying oils may 
be distinguished from non-drying by their behaviour to peroxide 
of hydrogen. The former are said to be quickly decomposed 
with separation of fatty acids, whilst the latter resist such 
treatment 

Basoletto 8 observed that sesame" oil, when shaken with an equal 
volume of hydrochloric acid (23 to 24 per cent) contaimny 2 ]>er 
cent, of cane-sugar, assumed a reddish tinge, passing to cherry-rod, 
whilst olive oil was not coloured. On agitating with mtno acid 
containing sugar, sesame" oil was coloured cinnamon, whilst tho 
acid became yellowish-green Cotton-seed oil tin us yellow with 
the same reagent (the acid becoming pale rose coloured), but 

1 Apotheker Zeitung, xii 161, 1877 (Journ Chem Soc xxxiv 313) Fov 
the action of mtrio acid on fatty oils, &ee also Hauchecoine, Zeitschr f anal 
Chemie, m 512, 1864, where, however, theatiength of the aoida employed is 
not mentioned. Langhes (ibid ix. 634, 1870) leoommends mixing nitric acid 
specific gravity 1'4 with J of its volume of water, and warming 1 part of this 
reagent with 3 of oil m the water-bath* Sesamd oil is aaid to yield a red mass 
by this treatment. 

J Zoitsohr. f. anal Chemie, 11 442, 1863 

a Bulletin della Soo. Adriatic, i 178, 1875. 
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almond and castor oil produce no alteration. According to 
Vidan 1 hydrochloric acid containing sugar changes the colour of 
castor oil to orange-yellow, poppy oil yellowish-brown, ground- 
nut oil intense yellow, ohve oil yellowish-orange, rape oil dark 
brown, and almond oil yellowish-orange. 

.For tho use of chloride of antimony as a reagent see Zablu- 
dowski 2 and Walz. 8 The latter found that on adding a few 
drops of the reagent, which should be of a syrupy consistence, to 
2 or 3 cc. of tho oil to be examined, ohve oil formed a whitish 
emulsion, gradually turning dark, without any rise in tempera- 
ture, whilst with cotton-seed oil a considerable amount of heat 
was evolved, tho mixture becoming solid and of a chocolate-brown 
colour. 

. Concentrated solution of chlorinated lime is said to form an 
emulsion with 8 times its volume of poppy oil, but not with 
.almond oil. 

Caustic soda of specific gravity 1'33, heated to boiling with 4 or 5 
times its volume of oil, yields a white liquid mixture with castor 
oil, yellowish-white with sesame, colza, poppy, and walnut, and 
yellow with linseed, whilst olive oil and hemp yield respectn ely 
brownish and brownish-yellow solid masses 4 Some oils., such as 
lupo and colza, may bo contaminated with i>u1j>hm compound*, which 
may bo delected by mtio-piuMido of sodium after tu-atment with 

oiustic soda 

For the use of tho qiet,ti oteope in identifying fixed oils bee 
Oihmmi/' of IhoiKiIttiiMjif feeo Buiftiict, of cohesion figmes see 
Tomliiibon, 7 Kalo Ciuno, b and Moffat' 1 

12. r > J'lci) Fttl-ucuLTho jncsonco of fieo fat acid may be 

' Jomn do 1'hftrm ot do Glum XMI 30, 1875 (Joutn. Chexn Soc xxix 
111). Compaie iiko Joined f I'hftim 288, 1875 The bydiochlono acid 
and migar reaction was locommemlod by Caniom an euly u, i860 Compare 
Choulotto, MUmorviitionHprat do Glum et do rhmin ' Faw a 130 

a Phium ZoiLschr f llushlancl, n 233, 1803 

'Amor. Journ Pharm. xlvi 25,1874 _ . 

' Cimiimro Hagor, ' Unteisuchungen ' (Gunthei Leipsic, 18/4), vol n 510 

n L>harm. Journ. and Tran [3], vi. 981, and Jahreab. f Pharm. 362 

18 Jj,mni do Pharm ct de Cfaim.il 252, 1802 (Amer Journ Pharm txxiv. 
1JO) 

7 Plmim Journ and Trans. [2], v. 387, 496. 

Ibul [31, v 243, and Jahresb. f Pharm. 289, 1874 

Chorn NBWH, xvui. 473. 
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detected, according to Jacobson, 1 by shaking with powdered 
rosaniline. Oil containing free fat-acid is coloured red. 

Bmnpler 2 employs carbonate of soda, which does not emulsify 
oils containing no free fat-acid. 

Geissler 3 estimates the free fat-acid by diluting with 2 or 3 
volumes of ether and titrating with alcoholic potash, using an 
alcoholic solution of rosolic acid or pheuol-phthalein as an indi- 
cator. 

136. CJwlestei in. Detection and Estimation. Hoppe-Soylor 4 
detects and estimates choles terra in vegetable substances by ex- 
tracting with ether, distilling, boiling the residue for a few hours 
with alcoholic potash, evaporating, rodissolvmg in water, and 
shaking with ether If the cholestenn obtained by evaporating 
the ethereal solution is not pure, the treatment with alcoholic 
potash is repeated. If sufficient alkali is present neither fat nor 
soap will be taken up by the ether. 

Schulze 5 directs attention to the fact that the estimation is 
inaccurate if the material contains vegetable wax yielding an 
alcohol ( 14) on decomposition with an alkali, on account of the 
influence the latter exercises on the solubility of cholestorm in 
spirit Schuke recommends the conversion of the impure cho- 
lesterin into benzoate of cholesteryl by heating with benzoic acid 
in sealed tubes. This compound may be freed from many foreign 
substances by boiling with absolute alcohol, in which it is almost 
insoluble After recrystalhzation from other the cholostenn may 
be liberated by heating with alcoholic potash 

Cholestenn is soluble in petroleum spirit as well as in other, and 
is therefore extracted by the former, together with the fixocl oil 
If an accurate estimation is required, large quantities of material 
must be worked upon, as cholestenn occurs in only small pro- 
portions in vegetable substances. (Beneke obtained 1 5 gram 
from 2,500 grams of grey peas ) It is insoluble in water, crystal- 
lizes from alcohol in silky needles and plates (belonging to tho 
rhombic system), melts at 137, and is, in tilcoliolic solution, 
laevo-rotatory (a D = 3661). Wanned with a mixtnio of 1 vol 

1 Chem - tech Bepert. i 84 ; Zoitschr f. anal Chamie, \vii 387, 1878. 

2 Zeitschr f anal Cbamie, ix 417, 1870 

3 Ibid xm 387, 1878 (Journ Chem Soc X\AIV 334) 

4 Med-chem TJnters Heft i 143 Zeikohi f anal. Chemie, v 422, 1866 
6 Zeikchr f. anal Chemie, xvii 173, 1878 (Jouin. Chem Soc vojv (J12.) 
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cone, sulphuric acid with 1 of water, a red colouration is pro- 
duced, whilst 4 of acid with 1 of water develops a blue, and 
3 with 1 a violet tinge. If a mixture of concentrated hydro- 
chloric acid and solution of ferric chloride (3 in 1) is eva- 
porated with a little cholesterin, a reddish-violet or "bluish-violet 
colour makes its appearance. Similar treatment with sulphuric 
acid and feme chloride leaves a carmine residue, which gradually 
passes to violet and becom'es scarlet on treating with ammonia l 
After tnturation with sulphuric acid cholestenu is coloured red 
by the addition of chloroform. 

JPhytostenn, a substance allied to and probably homologous with 
cholestenn, was discovered by Hesse 2 in the Calabar bean. Its 
solubility is, on the whole, similar to that of cholesterin, with 
which it has occasionally been confounded. It melts at 133, and 
is somewhat less powerfully leevo-rotatory ( D = 34-2). 

Fttwvn is another substance soluble in petroleum spirit , it is 
extracted, therefore, together with the fixed oil, and is partially 
deposited in crystals on evaporating such a solution , an appre- 
ciable quantity, however, remains dissolved in the fixed oil. 
Experiments mode at my instance by Kruse, 3 with the object of 
devising a quantitative separation of filicm from fixed oil, were 
unsuccessful , all the liquids employed (acetone, acetic ether, 
othci, heavy petroleum oils, bisulphide of caibon, etc) dissolved 
both substances Attempts to separate the fixed oil from the 
hlicin by dissolving in a hot aqueous solution of caibonate of 
soda and fractionally piecipitating "Kith hydiochlonu acid, as well 
as the siime treatment of an alkaline dlcohohc solution, weio 
attended with negative results 

The komii* contained in cousso is soluble in pcti oleum spirit, 
especially when warm. It is more easil} soluble in cthei, benzene, 
or bisulphide of caibon, somewhat sparingly in alcohol and glacial 
acetic acid Feme chloiulo colours the alcoholic solution red, and 



1 Zeitschr f. anal Chemie, xvn 173, 1378, and Hitthausen, 
koipor, ' 08 

1J Annul d. Chcm und Phaim c\cn 175, 1878 (Journ Chem Roc x\\iv 
850) Foi iiaiachnluhteiin, hot) ibid cc\u 22 l ), 1881 Hebbe, ibid COM 283, 
Hchul/o nnd Barbien, Bel d d Chem GOM \v, 933, 1SS2 

1 Archw d Phaim [3], ix 24, 187U (Joum Chain Soc xvxi 33G) See 
iilho Luck, Aunal. d Chom und Pharm liv 191, 1851, and Giabowski, Chem. 
Ccntnill.l 400, 1807 

4 I-'lutkigci and Bun, Archiv d Pharm [3], v 193, 1874 (Pharm Journ 
and TKUH [3], v 5(52) 
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too. alkaline aqueous solution also gradually assumes u rod thigo, 
It is decomposed by fusion with potash, yielding, amougnt other 
substances, butyric acid (the same is the caso with filicin), 

EupJwilon 1 is likewise soluble in petroleum, spirit, ami frcoly 
so m ether, benzene, chloroform, acetono, and glacml acotic acid, 
but not in aqueous alkalies. It dissolves in concentrated sulphuric 
acid, with the production of a brownish lingo, which in changed 
to violet by nitre or nitric acid. It molts at 11. T io 114", and 
resembles, in many of its properties, lactucon or lactucuviii (vurioUH 
species of Lactuca), echicenn (dita bark), and perhaps ulno oynim- 
chocerin (Oynanchum vmcetoxzcuin and acutnm). 

Helenm is easily soluble in petroleum flpnit, alcohol, and othw, 
but insoluble in water, even in the presence of a little alkali ; il in 
dissolved, however, by hot concentrated solution of potiwh. 
Helenin melts at 110, crystallises in colourless noetllos, and dis- 
solves in cone sulphuric acid, with production of a rod colouration. 
Hydrochloric acid-gas is also said to colour holouiu rod. 2 

Uoumann may be recognised by its odour and by ilH colourloHS 
rhombic crystals. It is sparingly soluble in cold, more oawily in 
hot water, and is also dissolved by ether and by alcohol Amount 
the substances it yields when fused with potash is Halioylio acid 
{ 26) For the allied meMohc add compare -Zwougoi 1 ." 

Styrul also is characterized by its aromatic odour. It is a colour- 
less liquid convertible by long heating in scaled tubes into solid 
metastyroL It is almost insoluble in water, but easily soluble in 
alcohol, ether, and bisulphide of carbon Heated with chromic 
acid it yields benzoic acid and other products of docomixihiLioi] 
< 26). 

For mywxocaipin, see Stenhouse and Scluirhng / for di^iuin, 
landerer* and Fhichger," to? Lampfei id, Brandon and Julius ,7 
faraswon (which is soluble at least in warm petroleum spin I), 

1 Hesse, Anna! d Chem. und Pharm. ckxx 352, olx\\u !} lN7ii 
ccu, 193, 1878 (Amer. Joum. Phonn 1 552), See also Alton and 'nni^n' 
dorff,Phann Zeitechr f Euasland, u. 216, 1803 , and Pliiokmpi, N ,IiUirl> 
f. Pharm ixit 135, 1868 

es ^ 1506> 1873 (Pharm - ir "" n1 ' ftml 



3 Armal d Chem. und Pharm SuppI v 100 1867 
*n,id krm 306, 1851, andxcvu 69, 1856 (Amei. Jouxn. Phrum 
" Jiepeit f Pharm Ixxxiv. 62 
Ibid ^ (STew Senes), 102, 1874 (Amer. Jouro. Pharm vlvi 23C). 
Arcbiv 4 Pharm Ivui. 52 ; Ber d d. chem. Gea. xiv. 2386. 
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0. Schmidt ; x for angelicm, which has beon proved to be identical 
with hydrocarotin, Bee Brimmer j 2 for carotin, seo Husemann. 8 The 
last-named substance forms red crystals, soluble in benzene and 
bisulphide of carbon. It dissolves in cone, sulphuric acid, with a 
purplish-blue colour, and is also coloured blue by sulphurous-acid- 



Anemonol, which occurs in many Ranunculaooso, may also be 
mentioned here. It is an oily acrid liquid, volatile with the vapour 
of water, and gradually changing in aqueous solution to crystalline 
a/nemonin. The latter can be isolated by shaking the aqueous 
solution with ether or chloroform, and like anemonol, acts as an 
irritant when applied to the skin.* 

For ca/psMvn, and capsaidn see Thresh ; B for amyriu and Imjwdin 
see Buri. 6 

127. Cawickouc. Petroleum spirit extracts only a trace of 
caoutchouc, which remains undissolved on treating the residue 
after evaporation with warm absolute alcohol If a considerable 
quantity of caoutchouc is present the majority is loft in the sub- 
stance after exhaustion with petroleum-spirit, and may bo extracted 
by bisulphide of carbon containing 6 to 8 poi cout of alcohol, or 
by chloiofoim From those solutions it may bo precipitated by 
the addition of move alcohol, whilst icsiiious substances and the 
like generally remain dissolved. (Soc also $ 46 ) 

128 Estimation of Glycerin ( 13) Foi details of tins detoi- 
mmation of this substance soc Reiclmidt, 7 and Neiibauov and 
Borgmann 8 Tlio latter authors point out the fuel tlml othoi- 
alcohol lomoves othoi substances bcsnlos glycenn liom v\me, otc , 
und that the estimation may accoidmgly be too high They 
therefore recommend dissolving the _ glycerin rosidno in alcohol, 
adding 3 volumes of ethoi, nlteimg and evaporating 1'iisUmr 
advises the evapoiation of the solution to bo conducted an quickly 

1 Annal d Ohem. und Phann. hii. 156, 1845 

a N Report f Pharm xxiv 666, 1874(rharm .Imnn iindTranH [U], vh 01) 

3 Annol d. Chem. und Phaim cxvh 200, 18G1 

* Compaie Tehling, Annal d Chem. imd Phni m \\xvin '278, 1841 , Mulk-i, 
Chom Centilb 618, 1860 , Erdmnnn, Jonrn f piakt Chom lx\v '200 Moo 
Amei Jottrn Phann xxxiv. 300 ; xxxi. 440. 

Pharm Journ. and Trans [3] vi 041, vii 473 

8 N. Repert. f Pharm. 220, 1875 (Phnrm Journ and Trans [3], vii 167) 

> Archiv d Pharm [3], x 408 , [3], xi, 142, 1877 

8 Zeitschr f. anal. Chemie, xviii 44-2, 1878. See olbo Paeteiu 1 , Aiinal d. 
Ohem. und Pharm. Ivui 330, 1864 
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as possible, as glycerin loses weight even in a vacuum. Compare 
also Griessmeier and Olausrdtzer. 1 

129. W(M.Cetyl alcohol ( 14) melts at 48 to 49", and at 64" 
is miscible with spirit of specific gravity '81 2 m all proportions. 
C&'otyl tdcohol melts between 79 and 81, melissyl alcohol at 85. 
The latter is scarcely soluble in cold alcohol, benzene, petroleum 
spirit, or chloroform, but dissolves on boiling. 

Konig and Kiesow found a substance in meadow-hay which they 
considered to be cerotene, or a 'paraffin' of the composition C.j H 42 . 2 

Huschsohn has endeavoured to find distinctive characteristics 
for certain vegetable waxes that find application in the arts, 8 with 
the following results : 

Wax from Myrica giierdfolia. Soluble in 10 parts of boiling 
chloroform , the solution remained clear on cooling. Completely 
soluble in ether 95 per cent spirit dissolved 16-16 per cent, at 
the ordinary temperature; petroleum spirit 53 to 62 per cent. 
The alcoholic solution gave a precipitate with alcoholic ferric 
chloride (1 in 10), which did not dissolve on warming. 

J'Faa from another sp of Myi'ica yielded 19-88 per cent, to 
alcohol, 68-70 per cent, to petroleum-spirit Ferric chloride 
coloured the alcoholic solution black. 

Witx from Mfiica cenfera yielded 7 '16 per cent to alcohol and 
41 '6 2 per cent, to petroleum spirit. Feme chloride coloured 
the alcoholic solution brownish. 

Wax fiom lilius succedaiiea (Japan wax) resembled the thieo 
foregoing waxes in being completely soluble in chloroform, but 
was only partially soluble in ether. Alcohol dissolved 14 per 
cent, petroleum spirit 6 9 '8 per cent. Boiling with 10 parts of 10 
per cent alcoholic potash saponified it , [the soap was completely 
soluble in 100 parts of water, whilst that from beeswax was only 
partially dissolved 

Wax from Aleuntes laccifera. The solution in chloroform 
became turbid on cooling , the addition of an alcoholic solution of 
acetate of lead to a similar solution of tho wax caused a cloudiness 
on standing. Boiling alcohol left a pulverulent substance un- 
dissolved 

1 Ber. d d ehem. Gee. xi. 292, 1878 (Jomn. Chem. Soc. xxxiv. 449), and 
Zeitsohr f. anal. Chemie, xx. 68, 1881 (Jonrn Chem. Soc. xl 470). 

3 Ber d d. chem. Ges. vi. 600, 1874. For vegetable wax see also Ludwig, 
Archiv Pharm [8], i. 193 

3 Pharm. Journ. and Trans. [3], x. 749. 
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Carnauba wax behaved similarly to chloroform and alcohol, but 
acetate of lead caused no cloudiness. It was partially soluble in 
ether; tho ethereal solution became turbid on the addition of 
alcohol Cold alcohol dissolved 3-25 per cent., petroleum-spirit 
5-04 per cent. 

Sahia want resembled camauba wax in most of its properties, but 
the addition of alcohol did not render the ethereal solution turbid, 
Cold alcohol dissolved 9 -7 per cent, petroleum spirit 3-32 per cent. 

For cerosin from the sugar-cane , see Avequin, 1 Dumas, 2 and 
Lewy. 3 

Wax may be recognised microchemically as a solid exudation on 
tho surface of the cells, insoluble in water and partially or wholly 
soluble in. ether. (See also 14, 15, 145.) 

130. Okie and lAnoleic Acids. Oudemans 4 has adopted the 
following method for the estimation of oleic acid. The soap 
obtained by saponifying about 10 grams of the fat with potash is 
decomposed with sulphuric acid , the fat-acids are washed with 
water, mixed with excess of carbonate of soda and dried. The 
dry mass is exhausted with boiling alcohol, filtering whilst hot , 
to the alcoholic solution a little water and an excess of acetate of 
lead is added. The lead precipitate is collected and dried , and 
from a weighed portion tho olealo of le t ul is exti Dieted by boiling 
with other. The oleic acid may bo calculated fioni the weight of 
the residue obtained by evaporating tho othcioal solution 

Llnolnc acid has not yet boon isolated in a state ot purity, as 
the free acid when exposed to tho air oxidizes even moi e rapidly 
than tho corresponding glycoryl compound Mulder estimated it 
approximately by separating it, together with oleic, palmitic and 
mynstic acid, fioin tho soap, dissolving the mixed fat-acids in 
alcohol, carefully evaporating, allowing tho palmitic and myiistic 
acids to crystallize out, and finally converting into the lead salt* 
Extraction with other then removes olcato and hnoleate of lead. 
By repeated evaporation in contact with air and re-solution in 
other, the linoleate of lead gradually becomes insoluble, whilst 
oloate of lead does not change. 

1 Annales de Ohimie et de Physique, Ixxv 218. 

2 Ibid 238 , Annal. d Chem. und Pharm xxxvii. 170, 1841. 

3 Ibid (New Series), xiii. 461. 

4 Journ f prakt Ohem. xcix 407, 1877. 

B Compare Zeitsobr. f. Ohem. il 452, 1866 (Amer. Jonrn. Pharm. xl. 249) ; 
Sohuler, J&hresb. f. Pharm. 156, 1857. 
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Of lawric add, Oudemans observes that it is easily volatile with 
the vapour of water, which is not the cose with myristic anil 
oleic acid ( 15). (Mynstic and other fat-acids may however bo> 
distilled in vacua) 

Oleic and steanc acids maybe separated, according to David, 1 l)y 
precipitation from alcoholic solution with glacial acetic acid (1 
volume to 3 of 95 per cent, spirit). Oleic acid is not thrown out 
even "by the addition of 2'S cc. of a mixture of equal volumofl of 
glacial acetic acid and^water to 3 cc. of alcoholic solution. Under 
these circumstances steanc acid would "bo completely separated. 
(See 16, 131.) 

131 TJie serpandum of lesinsfiom fat-acids in soap-analysiH has 
formed the subject of communications from Jean, 2 Borfood 8 and 
Gladding. 4 The following particulars are taken from Barfocd : 

a. ftteaitc and palmitic acids are soluble in hot 70 per cent, 
spirit, but separate out on standing twenty-four hours in a cool 
place. Coniferous resin (abietic acid) dissolves in 10 parts of cold 
spirit of the same strength, but is precipitated on adding water 
containing hydrochloric acid 

&. If a mixture of the same fat-acids with resin is boiled with 
7 volumes of 30 per cent spirit, to which 1 volume of an aquooiiB 
solution of carbonate of soda (1 to 3) has been added, both resin 
and fat-acid dissolve. On cooling, the soap produced from Iho 
fat-acids separates out, whilst the resmate of soda remains in 
solution. The fat-acids may be obtained from the precipitate by 
filtering off, washing with alcoholic carbonate of soda solution and 
decomposing with hydrochloric acid, whilst the nitrate yioldn Uio 
resin on treatment with an acid and shaking with other 

c. On adding a solution of 1 part of chloride of calcium in I f> 
of 80 per cent, spirit to a hot solution in spirit of the HHIIIO 
strength, and cooling, the calcium salts of both fat-acids Koptiruto 
out, whilst that of the resin acid remains m solution. 

d. If steanc and palmitic acid and resin are dissolved in nodu, 
the solution evaporated to dryness, powdered and extracted with a 

iZeitsohr.f anal Chern stvm 622, 1879 (Journ. Chem Soc xxrfv. 1011J 

3 Polyt. Journ CCVH 1873 (Journ Cihem Soo xvvi 195) 

"Zeitschr. f anal Chem MV. 20, 1875 (Jouin Chem.' Roc. xxix 771) 

etj 186? e i85 POllZ *"* ^^^ L lpZlg ' 1863 ' aud SuthorlllllJ ' 

4 Ohem News, xlv. 159, 1882 
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mixture of I volume of 98 per cent, spirit to 5 of other, tho rosin 
compound alone passes into solution. 

Gladding's method depends upon tho insolubility of the silver 
salts of fat acids in other, in which resinate of silver dissolves 
both easily and abundantly. For working details of the process 
reference must bo made to the original paper. 

If oleic acid is present, the separation by a and 6 will bo inac- 
curate, as the rosin will be contaminated with oleic acid. These 
methods might, however, bo employed to separate oleic from 
steurio and palmitic acid m absence of resin. If only a small 
quantity of oloic acid is present, tho rosin may be estimated by c. 
On decomposing tho limo salt with an acid, a little oleic acid 
may bo precipitated with the resin, but the former remains sus- 
pended in tho liquid, whilst the latter agglutinates into lumps. 
After separating the rosin, the oleic acid may be removed by 
shaking tho liquid with ether. 

The estimation of resin in the presence f oleic acid is, however, 
best accomplished by A. Tho mixture must bo well dried and 
tho other-alcohol made from anliydious spirit and ether ; 1 part 
by weight of oloato of soda dissolves in OH. 1 ), 1 of rcsinato of soda 
111 7 9 ])iivts of ethoi -alcohol. 

(MILOIlorilYLL ANT) ALLIED HUUKTANUES 

l.'iJ (JliloiojiJn/IL Notwithstanding that tho chemical mitmu 
of chloiopliyll is still involved in eonsidoiablu obscurity, I ticuk'd 
it in $ 20 us u homogeneous b<><b, and sit tho stnno tune pointed 
out thai the chlorophyll-granules oWn.dile under tho microscope, 
contain solid albuminous substances, stiuch, etc, 111 addition to 
chlorophyll 

It has boon satisfactorily proved by Finny 1 and others that 
chlorophyll may bo wpuiatod by treatment with hydrochloric acid 
and other 01 benzene into two colouring matters, ono of winch, 
(syjiuophyll or phjllocyanin, IK bluu and soluble in ether and 

1 (JinnptM KondiiH, 1 405, 18<J(), Ixi. 1SS, IStifi , Jomn. f prukt Cihuiii. 
K\xvu ;Hi>, 1H()2 Weiuilw) Iviomayui uud Luilwiff, Aichiv d rJinuu clvi. 
Mil, lS(il , Ai'-, Aioluv d rii.irm c\cn HW, 1H70, Kinui, ' Zuv KonntmsB 
<K-s (JliloidiilivllfiuhstoIK'M, 1 Rtwltgart, 187'J , WicHiur, Cham Ccnlnvlblalt, 
H.1S, 1H7I, Killiol, OomptcH Kandun, Ixi .'J71, IXMX 012, 1H74 , Jlaithen, 
Aiinal dor I'liyn cxlvi 158, 1874, ' NBUO ohouiiHohe UiiUu 
i, 1S7-") , Archiv d Pharm. [8], vh. 130, 1875 
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benzene, the other, xanthophyll or phylloxanthin, yollow and 
insoluble. 

These two substances exist, according to Freiny, side by aiclo in 
chlorophyll. In this opinion, however, ho is opposed by PriugH- 
heim and others, 1 who assert that they are only products of ilw 
decomposition. Sorby, again, does not consider the oxiwtonoo of 
a chlorophyll, a phyllocyamn, or phylloxanthin of dofinito choinicul 
composition to be probable, but rather anticipates in thorn ropro- 
sentatives of whole series of such compounds. Which. of thoHG 
opinions may be correct it is impossible at the present, time to 
decide. 

"Whether the green colouring matters isolated by Filhol, 
Sachsse, 2 and others, and said to differ spectroscopieally from 
ordinary chlorophyll, are of artificial origin, or whether tlioy cun 
be produced by the plant itself , what, relation probably oxisfe* 
between chlorophyll, ' purified chlorophyll,' or chlorophyll an and 
cyanophyll; between xanthophyll, Hartsen's crystalline chry-HO- 
phyll and Pnngsheim's hypochlonn, are questions involved in 
still greater obscurity. 

I restrict myself, therefore, here, to stating that ' chlorophyll ' 

can be extracted from vegetable substances by boiling alcohol 

after exhaustion with water , a little, however, is retain od by tho 

residue insoluble in alcohol, as benzene still extracts n, gvuon 

colouring matter possessing all the characters of chlorophyll '' 

1 Ohem Oentralblatt, 299, 316, 331, 1880. a Ibid. 121, 1S7S 

3 That the chlorophyll exists in different states of combination in i omlorcd jn o- 
bableby the fact that if vegetable substances are exhausted with polioU-iim 
spirit, benzene, ether, etc , in succession, each of these solvunts romovuH rlilmo- 
phyll, so that when petroleum spirit fails to dissolve moie of it, npini-cialilf 
quantities can still be extracted with benzene This combination mif-hl, be con- 
ceived to be simply mechanical, the protoplasm acting in a sunilai manner to 
hydrate of aluminium which, as is well-known, has the power of moehumrally 
retaining chlorophyll But the question may also be raised whother chlon i|ihy 1 1, 
which, in the opinion of many authors, possesses tho characters of n, weak lu-id, 
does not exist in plants in combination with different UUHPH, and \vhcLhci 
soluble (basic) alkali-compounds, such as those aitificully piorlucoc] by Krciny, 
do not occur readv-formed in some plants Every one that Imw boon fruqiu-nlly 
engaged in plant analyses must have observed that wull HlLurotl iwjueimH 
extracts of leaves, etc , when acidified and shaken with ben/unu or otliui, yiold 
to those solvents substances which on e^apoiation ashiime a green iinyo and 
possess all the oharacteiibtic propeities of chlorophyll Tho assumption of tln> 
presence in the aqueous extract of a colourless chiomogeno convorlpd timing 
the successive operations into chlorophyll would, it is true, bo poBBiblu, but I 
cannot as yet regard the first view as untenable. The whole subject, mdcod, 
appears to me deserving of further investigation. 
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After acidulating tho alcoholic extract with hydrochloric acid 
and diluting with a little water, the chlorophyll may be removed 
by shaking with benzene, xanthophyll remaining in the alcoholic 
liquid Under these circumstances, however, the chlorophyll is 
unfortunately always accompanied by fatty matter, eta 

1 33 Estimation of Chlorophyll Should it appear desirable to 
isolate the chlorophyll for the purpose of weighing (cf 37), 
advantage might possibly bo taken of an observation made by 
Sachsso, 1 viz., that a benzene solution of chlorophyll, on standing 
for a few days over metallic sodium, deposits a green mass 
capable of being filtered off from the golden-yellow solution. 
With the exception of its containing sodium, it agrees with 
chlorophyll in most of its more important characters, although, 
of course, it no longer represents that substance in an unaltered 
state. It dissolves in water, but is completely precipitated by 
sulphate of copper. Tho copper compound thus formed may, 
however, bo contaminated with carbonate From it the colouring 
matter may bo isolated by suspending in alcohol, passing a current 
of sulphuretted hydrogen through the mixture, and evaporating 
tho alcoholic filtrate. The residue may be weighed 

13'1. Eti/tlnophyU, Uhlorophyllan, etc. By first freeing grass 
from wax by treatment with ether, and then exhausting with 
alcohol, ir<>])po-Hcylor 2 succeeded m isolating from unalteied 
chlorophyll n gnwmhh-whito colouring matter, sparingly soluble 
in alcohol, crystallizing in foiu -sided plates, and appearing led by 
tranmniltod li^ht This substance seems to bo identical with 
Bougiu'o-lV orytln ophyll. Iloppo-Soylor also sepaiatcd a second 
Hulwtniico, winch wanmoio easily soluble in hot alcohol, crystallized 
m noodles, and appeared dark groon by i eilected, but biown by 
traiiHinittod, light This body, which ho terms JilojophyUan, 
agrocw with tho so-called chloiophyll in most of its propeities, 
especially tho spectrum, in which, however, the bands in the 
yellow and groon are somewhat deeper than they are in the 
ordinary chlorophyll-spectrum (j 148 and 20). Hoppe-Seyler 
tlunlcH it possible to make approximate estimations of chlorophyll 
by titration with spcctroscopic end-reaction * Gautier has also 

1 Chom Ccntralblalt, 121, 1878 ; 741, 1880 

2 Bui (1. (I chcm Gas. xii. 1666, 1879 ; xm. 1244, 1880 (Journ Chem. Soc 
xxxvm BS, 804) 

3 Bulletin do la Soo Ohira xxvii. 442, 1879 (Journ Chem. Soo xxxu. 790) 

4 For tho chlorophyll contained in certain Flondeee, see Pnngsheim, foe at. , 

8 2 
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isolated from the leaves of dicotyledonous plants a crystalline 
chlorophyll, 1 which Hoppe-Seylor suspects to "bo a mixture of 
erythrophyll, chlorophyllan and wax. Gautior's analyses agree 
tolerahly well with those of Hoppe-Soylor's chlorophyllan 

135. Xcmthophyll (phylloxanthin), the yellow col ouriug matter 
to which the autumnal tint of many loaves is ascribed, appears to 
"be insoluhle in. water, sparingly soluble in cold other, petroleum. 
spirit, or benzene. Alcohol dissolves it more readily, and it is 
soluble also in ether-alcohol It may be obtained as a yellow 
granular deposit contaminated with fatty matter by evaporat- 
ing an alcoholic extract (Berzelins) Dilute acid and dilute 
potash and ammonia are said to dissolve it but sparingly , tho 
latter may, therefore, be employed to effect a partial separation 
from fat, etc. Sulphuric and hydrochloric acids colour it only 
faintly blue. If the alcoholic extract has boon shaken with 
benzene, as directed in 132, the residue obtained on evaporating 
the benzene solution may be purified by suitable treatment with 
the foregoing liquids, especially petroleum spirit 2 Hartscn thinks 
that his chrysophyll is possibly identical with phylloxouthin. 

Eypochlorin Pnngsheim 8 states that hypochlonn separates 
from the chlorophyll granules in the form of yellow drops, which 
gradually become crystalline. It is insoluble in water, dilute 
acids and solutions of salts, but is easily dissolved by ether, 
benzene, bisulphide of carbon and ethereal oils. In concentrated 
and dilute alcohol it is at one time, easily, at another difficultly, 
soluble Possibly it is volatile with tho vapour of water. 

It would be premature, on the basis of the facts that have ns 
yet been established, to assert the identity of hypochlorin with 
xanthophyll , the latter is certainly not identical with dwlm, tho 
yellow colouring matter of etiolated plants, which in alcoholic 
solution assumes a green tinge, and, after tho lapse of soino tune, 
is coloured blue by hydrochloric acid. 
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dnthoxanlhin, tho yellow colouring matter in the petals of many 
flowers, also differs from xanthophyll. It occurs in two varieties, 
ono of which (aathochlor, xanthein) is soluble in water, whilst the 
othor (xanthin, lutem) is dissolved only by ether and alcohol The 
latter turns green and blue on the addition of hydrochloric acid. 

.ETHEREAL OILS, VOLATILE ACIDS, ETC. 

136, JSsllniation, Tho following estimations are taken from 
OHSO, and given horo in illustration of the method recommended 
in 8 22 

T. 0*277 gram of oil of turpentine was diluted with petroleum 
spirit to ] oo. ; 1 cc. of tho solution was evaporated as described 
in 22. The weight of tho residue was 0'(H6 gram, which, after 
exposure to tho air for 1 minute, decreased to 0-026 gram (differ- 
ence, 0-02) ; after a second, minute's exposure, 0*0205 gram (dif- 
ference, 0-0055); after a third, 017 gram (difference, 00035); 
after a fourth, 0135 (difference, 0035). The weight of the 
turpentine taken is calculated from the third weighing, 0205 
gram, to wlnclns added 2 x 0*0035 gram, making a total of 0273 
gram from 1 cc , or 0'275 gram fiom 10 cc , instead of 0277 
grain A second estimation gave 267 gram , mean 0-J71 giam. 

II 01 2(>K gram of oil of lemon was diluted to 5 cc ^ ith petio- 
luuiu spiiit, and 1 cc. tukcn for evaporation 



1st weighing = 0"iO.") 

'-2ml =0 OJ.'iO thff = 02.")." 

Hni ,, = o ois.') =- o oot>r. 

4lh ,, - Olli.") - 002 
filh =0 01 13 - OU2 

To tho thud woi^liiuft 001H!) j-iam, there i^ to lie added 
2 < O-OO'J grain, giung ti total of OJJ-") giain iiom 1 cc , 01 
0-L I'Jf) fti'iim from fi <<; , instead of 12GS giam A repetition of 
Lhn (wUinaLioii gavo 1275 guim, mean 1200 giam instead of 
1 2 OH gram 

III 0-1 GO gram of oil of cimuuion diluted to 10 cc , 1 cc 
ttiUou for evaporation 

iHt wuglnng - 0'117 
2nd - 0171 cliff. - 0146 
8ul =0 0163 - 0008 
4th - 0160 - 00003 
r.th - 0157 - 0003. 

The third weighing, 0-0163, represents the quantity of oil 
present, since no correction has to be made, as the co-efficient of 
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evaporation is less than 001. 10 cc. would, therefore, contain 
0-163 gram instead of 0-166 gram. 

137. Estimation with Bisulphide of Caffbon. Instead of petro- 
leum spirit, Osse also tried bisulphide of carbon, as recommended 
by Hager l for the quantitative estimation of camphor, as well as 
mixtures of both liquids, without attaining bettor results, llo 
has therefore decided in favour of petroleum spirit alono, winch, 
however, should not contain any oils boiling at a temperature 
higher than 40 0. 

In analyzing vegetable substances such a petroleum spirit ifl 
preferable to mixtures of the same with bisulphide of carbon, as 
it has a lesser solvent power for resins, etc. Ethereal oils may 
be extracted from their aqueous solutions by petroleum spirit, 2 
and may therefore be estimated in the aqueous portion of the 
distillate ( 24) by shaking with that solvent and evaporating a 
measured quantity of the solution after separation from tlio 
aqueous liquid. I have also employed this method for estimating 
iihe essential oil in the official aromatic waters 

138 Influence of Fixed Oil.Os&e also made experiments^ with 
the view of ascertaining whether the presence of fixed oil could 
affect the determination of ethereal oil, either by itself increasing 
in weight during the exposure to the air or by preventing the eva- 
poration of the ethereal oil at 110" 0. Ho found that a pretty 
close approximation to the truth might generally bo arrived at by 
deducting 09 to 01 per cent from the weight of the fut after 
Jieatingto 110. No appreciable error would bo caused by tlio 
oxidation of the fixed oil during the evaporation of tlio potrolouni 
spirit, as the presence of the latter, oven m small quantities, pro- 
vents or delays such change 

875 gram olive oil was mixed with 0-051 gram oil of turpon- 
tine and heated for an hour to 110 C The weight, of the 
residue was 875 gram, which did not alter if tlio limiting wore 
continued two hours longer. 

1 4265 giam olive oil and 0575 gram oil of cinnamon weighed 
after 

1 hour at 110" . 1 436 gram. 

2 . . .1 4335 

3 M >, 1 4315 .. 



1 Pharm Centralblatt, xui. 449. 

^ 2 Dragendorff, paper read at a meeting of the Geiman ' Anothekorvoroin ' 
in Cologne, 1873 , ' Ennittdirng dei Gifte,' 2nd ed , 46, 1876. 
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I obtained similar results in experiments with cacao butter. 
Resin could bo almost completely freed from ethereal oil at 100" 
to 110, and it was only in the case of oils prone to oxidation, 
flucli as oil of cloves, that the residual resin was somewhat 
heavier than was expected. (See also 146.) 

Drying oils would, of course, increase very appreciably in 
weight. The evaporation and heating would have to be conducted 
in ail atmosphere of carbonic acid ( 9). 

Tho following experiment will serve as an example of the 
estimation of ethereal oil in a vegetable substance - 1 

Five grams of savin loaves were finely powdered and digested 
with. 25 cc. of petroleum spirit ; 1 cc. of the solution was eva- 
porated. Tho residue weighed 0-0265 gram (corr.), which de- 
creased to 0'0175 gram on heating to 110. 1 cc. contained, 
therefore, 0-009 gram ethereal oil and 0-0175 gram resin, or 
4-5 por cent, of ethereal oil and 8-75 per cent of resin. 

139. S&pwation of Volatile Acids. Angelic acid melts at 45 
and boils at 185 , methyl-crotomc acid at 65 and 198 ; crotonie 
acid, 16 and 100-5 ; capnc, 30 and 268 to 270 , capryhc, 16 
to 1 C 5 and 236 to 237 , cenanthic boils at 223 to 224 , caproic, 
20 1 ' to 200 , valenanic at 175 , tumethyl acetic, 163 7 to 163 8 
(mIln lit 353" to 355), butyric at 163 , i&obutync, 154, 
propiome, 140", acetic, 118 (solidifies at 167), formic, 105 J 
Thin dilloronco in the boiling points of fat-acids permits of their 
HC-IHI ration from one another by fractional distillation 

Fictional precipitation by suits of silver, etc, may also be 
found useful 111 Hopuiutmg Bovoial ot the foiogoing volatile acids 
from ouo another, certain difleiences m the solubility of the 
HiillH can also Homotiinos bo tinned to account I&obutjiic acid, 
lor instance, may bo separated l.y the formci method, whilst the 
Himnng solubility of the silver salt (1 m 100) enables us to isolate 
acrylic, Imlync, acetic acid, etc The baiium, calcium, and lead 
wilt* ot Homo of the acids may be bimilaily employed thus the 
baiium Bait of capryhc acid IB soluble in 164 parts of cold water - 
fmrnato of calcium is insoluble m absolute alcohol , the lead salt 
(hH.olvoHinOnpaitRofwater.whnstmcrcurousfoimateiequiresSOO 

parts at the oidnuuy tcmpeiaturo Basic foimate of lead obtained 



anal Chomio, vin 388, 1869. 
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by heating formic acid with, oxide of lead is insoluble in alcohol, 1 
whilst basic acetate of lead prepared in a similar way is nolublo 
(the heating should be continued until the reaction IH alkaline, 
but not longer, as otherwise an acetate insoluble in alcohol might 
be produced) Basic butyrate of load is also soluble in alcohol, 
but both the neutral and basic salt are greasy and sparingly wolublo 
in cold water. The same is the case with the ferric compound 
obtained by precipitating an alkaline butyrato with u forvio null 
(avoiding an excess) (Soo also 34.) 

140 Identification The mturatiaiff power of a falLy a<n<l, n 
knowledge of which may bo of assistance in identifying it, 01111 bo 
ascertained by titration with normal soda solution, or by onli- 
matmg the sodium, barium, lead or silver contained in tlui corre- 
sponding salts. In certain cases a determination of the water of 
crystallization may prove useful 

By distilling the sodium salts with concentrated sulphuric aoid 
and absolute alcohol, the ethyl-salts of the acids may bo prepared ; 
they are not unfrequently o characteristic odour (acetate, buty- 
rate, valenanate of ethyl, etc.), by which, as also by their boiling 
points, they may sometimes be identified. 

141 Optical Tests , Solubility m Alcohol For information with 
regard to the optical testing of volatile oils see Buignot, 8 IYanok, a 
Fluclnger, 4 and Symes 6 

I have ascertained that alcohol must possess the following 
strengths to be miscible with certain ethereal oils in every pro} mi - 
tion oil of turpentine, 96 per cent. , fir, 96 per cent , jumper, 
95 per cent. ; savin, 92 per cent ; lemons, 97 to 98 per cent. , bci - 
gamot, 88 per cent , bitter orange, 98 per cent caraway, HK poi 
cent , peppermint, 86 to 87 per cent , oleum monthro cn,spn>, KG 
per cent j lavender, 88 per cent , losemtuy, 8J poi cent. , wool 
marjoram, 82 per cent. , cajeput, 91 per cent , sago, 85 p,,i < IO nt. , 
cloves, 74 per cent , cinnamon, 78 per cent , cnbclw, 90 per couL , 
fennel, 93 per cent. , anise and rose, 93 to 94 per cent ; balm, 90 

1 'Barfoed, Lehrbuch der organischen qual Analyse, ' KapenhoRon, 1880 

2 Jouni de Phann et de Chun. [3], xl 252, 1862 (Amer J,, U in JL'haim. 
TXXIV 140) 



B-nV n r ^ io 

Pabnk ath Oele, Berlin, 1872, and Iluckigars 'Pharm Chomie,' Boilm, 
18/9, where the specific gravities of ceitnin otheieal oils will ab,o be found 
Aiohivd Phann [SI x 193, 1877 (Amei Journ Pharm Kxvii. 309). 
Pharm Journ and Trans. [3], x. 207 
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pei- cent Those figures are true for fresh oils only, and for tem- 
peratures ranging from 20" to 22 . 1 

I found the following proportions of weaker alcohol necessary 
to f ovm clear mixtures with the foregoing oils 



Oil of Cinnamon . 


Vols Sfaeiiffffli of Spmt 
.3 of 65 per cent. (TraUen). 




OlOVOB 


27 ,,60 








Sago . 


.31 65 








Oajoput 


. 25 


65 








M&rjnram . 


1 45 


78 








Ronornary . 


. 1 4 


78 








Lavender . 


. 2-3 


65 








Mentha oiispa 


. 27 


65 








Pepporaatnt 


. 2-2 


70 








Caraway . 


. 08 


84 








Bitter oiange 


0-9 


94 








Borgamot 


. 115 


78 








Lemon (dist ) . 


. 40 


91 








,, (pressed) 


. 28 


92 








Savin 


1 3 


80 








Juniper 


. SO 


93 








Tuipentine 


8-75 


92 








UPonnel 


. 29 


85 (at 21 C ) 




AnibO 


63 


85 (at 17 5 C ) 



$ Id! Colour-reaction* I have observed the following coloui- 
i (Motions with certain ethereal oils 2 

fiofnfioii of brimme in cMmofoim (1 in 20), in the piopoition of 
10 in L. r > diops to one of oil, gives colowless mixtures with oils oi 
tui'pontmo, cimiwny, lemon, coriander and caidamoms , ijellov 
with borgamot, Inttci mango and noioh , -hniltj tut hi it g yieen with 
cloves, gmgci, lavondoi, cajoput, cascaiilla , sluuly tummy gieemdt- 
li/uc, with ol inunLli cn-sp , oils of juniper, pepper and galangal , 
green isJirl'iouii or Itoini, with awcet marjoram, dill, cummin and 
valonan, n more or lens fine tosff, it'tl, or ) eddish-violet tint is, 
gradually produced by losemary, fennol, anise, star-anise, cinna- 
mon, nutmeg, thyme, poppcimmt, myiih and parsley , l/ounish- 
nolfl with nuico, blue or IhisJt-vioM with cuhebs, copaiba, 
amoimim, laurel, sandul-woocl and sweet flag , orantje with oil of 
wonn-hci'd, oil of codur-wood , and with camphor. 

1 N HI-IK-H, f J J harm xxn 1, 1872 ; Pharm Jouin and Trans [3], vi. 
511 (I i/ He iilw) (iodoffioy mul Ledormann, Zeitbchr d allgem oeaten. 
Apothukoi Ver xv 381 et M><] , Jahiesb f Ph.uin 394, 1877 

J J'humi Jomn. and Tiana [3], vi 681 ; Archiv d Phaim [3], xu 289 
Hoi> aim. Uatfui, Thaiin Cuntralbliitt, 137, 160, 195, 1370 , and FLuduger, 
w Wocbuiiriolu f Pharm 2bl, 1870 
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Impure Chloral Hydrate 1 (2 drops to 1 of oil), resembles the fore- 
going reagent in the colouration it produces with many oils. It 
differs, however, in its behaviour to oil of lemon and borgamot, 
with which it assumes a reddish colour ; cloves, which turns red 
on warming , mace (fine rose-red), pepper (reddish-violet), copaiba 
(dark-green), valerian (greenish), cummin (fine green), cinnamon 
(green, with violet margin), and myrrh (reddish-violet). 

Alcoholic hydrochloric acid vanes in its action with the amount 
of acid it contains. A dilute solution is to be preferred, as 
the colourations appear more slowly, but are purer Dilute 
alcoholic hydrochloric acid ID the proportion of 15 to 20 drops to 
1 of oil yields colourless mixtures with oil of turpentine, caraway, 
coriander, cardamoms (cone, acid, cherry-red), cloves, rosemary 
(cone, acid, deep chorry-red) ; ydlow mixtures with bergamot 
(cone acid, orange to olive-green), mace (cone acid, reddish-brown), 
dill (cone, acid, cherry-red), bitter orange, cummin (cone, acid, 
deep violet) ; Irownislwad with oils of cascanlla, lavender, sweet 
marjoram, worm-seed, juniper (cone, acid, red) ; rose to deep red or 
reddisJi-vwlet with oils of cubebs, pepper, copaiba, cedar wood, cin- 
namon, nutmeg, thyme, laurel, sweet-flag and myrrh , red, twning 
Ihie, with oil of peppermint. 

Concenti ated srityhw ic acid (2 or 3 drops to 1 of oil) assumes with 
most oils a yellow colour, turning brown, and frequently passing 
finally to a fine red. The latter colouration is observable with 
oils of caraway, mentha cnspa, sweet marjoram, star-anise, 
mace, dill, jumper, cubebs, copaiba, sage, winter-green, lavender, 
amomum, cascanlla, nutmeg, thyme, sandal-wood, peppeimmt, 
myrrh, and parsley Oils of cardamoms, cloves, fennel, anise, 
cajeput and laurel produce a violet, cinnamon a giem and blue 
colouration. 

If a drop of the oil is mixed with 1 cc of chlorofoim and "2 
drops of cone, sulphuric acid added, similar colours are produced 2 
and imparted to the chloroform, 

1 Jehu was the first to observe that this reagent produced a curr.uit-ied 
colour with oil of peppermint Its use is, however, open to objection, aa it is 
not yet known what impurity causes the colouration, and it IB therefoie impos- 
sible to prepare a leagent of constant composition If 100 cc. of alcohol are 
saturated with chlorine, mixed with sulphuric acid (after partially separating 
the hydrochloric acid by evaporation) and the resulting metachloial distilled, a 
very satisfactory reagent will be obtained, but its activity diminishes on 
keeping 

2 But not if petroleum spirit is used instead of chloroform. 
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Pro-Tide's Reagent 1 resembles sulphuric acid in its action ; tut the 
colours ore purer and make their appearance more rapidly. Very 
characteristic colours are produced with some oils by sulphuric 
acid mixed with th of its volume of a 6 per cent aqueous solution 
of forrio chloride. 

The oils should be dissolved in chloroform, in which the colour- 
ing matter is also soluble and thus seen to advantage. 

Oils of pennyroyal, parsley, coriander, fennel, anise, savin and 
turpentine cause no colouration in the chloroform, even after the 
lapse o some time ; with oils of ledum and peppermint it assumes 
a red tinge ; with ledum-camphor, and oils of thyme, cajeput, 
.galangal, popper, cubebs, copaiba, jumper, motet or Uw&kwolet; 
with sorpyllum, sweet marjoram, rosemary, caraway, dill, nutmeg, 
cloves, worm-seed, cinnamon, green or Uuis'hrgreen , with oil of 
borgamot, etc., ohve-green. 

fuming nitric acid (5 drops to 1 of oil) gives specially charac- 
teristic colourations with oils of mace and nutmeg (blood-red), 
cubobs (green), copaiba (bluish-violet), gaulthena (cherry-red), 
ciiuiomou (carnuno), myrrh (reddish-violet), pimento (blood-red), 
mid pennyroyal (violet). 

Picric add (0 05 gram to f> to 6 drops of oil) is easily dissolved 
by homo oils in tho cold (carawuy, cardamoms, cloves, losemary, 
nu'iiMui ciihpa, sweet inaijoram, anibo, star-anise, dill, valerian, 
minium, gaiiltlii'ini, cinnamon, hwcct flag), by othei-s only ou 
canning. Somo of llio solutions deposit crystals on standing 
(Uu pt'iiLino, lemon, boigsiniot, s\\ ectmui jorum, mace, dill, galangal, 
bittw oiungc, \\ oi ni-sood, valeimn, cedai-\vood, lavender, cajeput, 
nutmeg, thyme, luiiiol and sandal-Mood) , others giadually assume 
< 1 .lumu i .loii.sLic colouiatioiih thus oil ot inuutha cn&pa becomes 
olivo-groon , clovoH, sweet marjoram, anise, star-anise, nutmeg, 
cinnamon, cummin, amomum and thyino, oiange, fennel and 
inyvrh, blood-iod , dill, CUHCIU ilia and galangal, brown , worm-seed, 
rcd<lish-brown , swoot flag, deep brown, peppeimmt, deep grass 



Kluclcigor 2 recommends acting upon a solution of the ethereal 
oil in bisulphide of carbon (1 m If)) with suljilmnc and mine ttculs. 
With oil of valerian and nitnc acid (specific gravity, 1 2) he 
obwoi vod a gioon colouration of tho bisulphide, and red of the acid 

1 1 cc cono eulphurio acid with 01 gram molybdate of soda 
3 Hchwoiz. Wochensohr. f. Phorm. 261, 1870. 
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layer ; with a mixture of both acids, blue. Gurjun-balfiam oil 
behaved similarly, and oil of cubebs also turned blue with a 
mixture of both acids 

Solid iodine added to ethereal oils produces somewhat varying 
effects. With some oils, especially terpenes of the formula 10 H 10 , 
the action is very energetic, and accompanied by evolution of both 
light and heat, whilst with others nothing of the kind is observ- 
able. Chromic acid also reacts explosively with certain oils. Some 
oxygenated oils(carvolof cummin oil) yield crystalline sntyhhytlnites 
when mixed with alcoholic solution of sulphide of ammonium, from 
which the oil may be separated by decomposition with potash 1 
If hydrochlonc acid gas is passed through ethereal oils, 
crystalline or liquid hydrodiloiates are not ^infrequently produced, 
which may be characteristic of the oil acted upon. The N001 
group sometimes combines with hydrocarbons of the torpone 
series to form compounds of the formula 10 H 10 N001, and, 
according to Tilden, this reaction also may be employed in dis 
languishing ethereal oils. Tilden 2 obtained crystalline compounds- 
with French and American oil of turpentine, with oil of jumper, 
sage, caraway, bitter orange, bergamot, and lemon 

For the use of cohesion figuies in identifying the various 
ethereal oils see Kate Crane 8 and Tomhnson 4 

143 Fractional distillation Linnemann's apparatus 5 (fig 6} 
is very serviceable in fractionally distilling othoieal oils ( 30) 
A is a tube of about 40 cm in length and 1 cm in diameter ; at 
about 32 cm from one end a second tube, B, is fused on at 1111 
angle of about 80, so that it can bo connected with a condouaoi 
Just beneath the junction, and at a distance of 20 and 2. r > cm from 
the end, bulbs are blown At the upper end a thermometer is 
intioduced, the bulb of which should be in C In the lower part 
of the tube about 8 cup-shaped pieces of platinum gauze are 
inserted These ore intended to receive the condensing vapoui 
from the liquids of higher boiling points and wash, as it wore, tho 
vapour of rnoie easily volatile liquids. Smaller appaiatusos of 
30 or 25 cm. in height may be used for special puiposcs 
For distillation in a j^ttutl vacuum the apparatus represented in 

1 Compaio Jahiesb f Phaim 468, 1867 

2 Phaim Jonrn and Trans [3], \m 188 

3 Pharm Journ and Tiona [3], v 242 * Ibid v 230 
5 Annal d. Ohem und Phonn cbc. 105, 1S72. 
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fig. 7 lias "boon recommended "by Thoraer T The method of using 
it is sufficiently intelligible from tho figure, and requires no 
flpocial description. . 

144. Furtlw Examination of EtJwreal Otis. For details of the 
analysis ot ethereal oils by fractional distillation, I refer to the 
examination of eucalyptus oil by Faust and Homeyer, 2 of parsley 
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(,,1 |,y Uom-hloiv 1 aiul nil of hii^o by Aluir uml Siiguira* In the 
invORLwiLiou of oil <>t lill by Nu-Uky/' of oil of valerian l)y 
nrwyliuita (HO Iwlou) mi.l ol uini' 1'Y '^, u the fatty acids 
prusont in tho fill are JiiclmU'd Ktl"'ioa] salts Mere found l.y 
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oil of Pastinaca sativa and by MoslingorO 
of Heracleum sphondylium. 





Fig 7. 

Bruylants included aldehydal substances in his examination of 
oil of tansy. 3 

1 Arrnal d Chem. und Pharm. olxi 80, cKxi 380 (Journ Ohom Soc 
xxvi 642 ; xxvu 1145) 

a Ber. d. d. chem Ges. ix 998 See aleo Zincke, Annol d Chem. und 
Pharm. olii 1, 1869 , Ber d d chem Gea iv 822, 1872. See also Gutzeit, 
'Ueber das Vorkommen des Aethylalkohola im Pflanzenreiche,' Jena, Uufft, 
1875 (Journ Chem. Soc xxvin 1245). 

3 Ber. d. d. chem Ges. n. 449, 3878 (Journ. Chem. Soo. xxxiv, 157) 
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RESINS, ANTHRAQUINONB-DBRIVATIVBS, BITTER PRINCIPLES, ETC. 

145. Resin-adds and the move important methods for their sepani- 
tion. 

With regard to the coniferous resin-acids, the observations mado 
in 131 may bo supplemented by the following. 

Abiehc acid 1 occurs in lamellar crystals, softening at 129 and 
melting at 144, soluble in alcohol and ether, and forming salts 
with most bases. Prolonged heating converts it into its anhy- 
dride, which is soluble in absolute alcohol, and was formerly 
known as pinic acid. The alcoholic solution of this substance 
yields no crystals on evaporation , it is gradually reconverted into 
abietio acid by tho continued action of 70 per cent, alcohol 

Pimanc acid, from Pinus pinaster, forms granular crystalline 
masses melting at 149, difficultly soluble in cold, but easily in 
boiling alcohol, and soluble in ether. It resembles abiotic acid in 
most of its properties, but differs m possessing a bitter taste 

For podocarpic acid see Oudemans , 2 garden/in, Stenhouse and 
Groves , 8 phylhc acid, Bougarel 4 

In isolating resin-acids one of the following methods will be 
frequently found successful 

_ . Successive tieatiucnt with St^irtt of dt()ctcnt sirfii/jfhs, finally 
adding water mid slinking with cthci It will ho obsoivod that 
rosin acids are, as a rule, moio oasily soluble in dilute spint than 
resin -anhydrides, wax, etc It was by thin intjUiod thai- I suc- 
ceeded in isolating mont/uniK, acid fiom :t luk unpoiLod from 
Madagascar 6 The lomduo obtained on evnpoialmg tho ethereal 
extract was treated with H5 per cont spmt, which Icfl a wax 
uudissolvocl Tho Kpirituous solution was evaporated, and tho 

1 Maly considered tho acid foimorly known iw Hylvio acid to bo abiotic , 
Duvernoy regards it as a modification of pimruic nuul 

2 Bor. d d ohem (TUH vi 1122, Aiiual d Chcin und Phaim clx\ 213 
(Jouin Chem Soc xxvii. 72) 

3 Annal d Chem und Pharm. cc. 311 (Journ Cht-m Hoc 187H) 

4 Union Phaim. xviii 202, 1877 (Jouin Oliom Hoc x\xn 905) A Hub- 
stance similar to that dcscubed under tho abuvo name IH often met with 111 the 
analysis of herbaceous and leatheiy leaves Tt is Holuhlo in boiling alcohol, 
and hepaiates from snch solution, after tho wi\, on evaporating and cooling 
It crystallizes in colouilees scales, dfHsolvun with dilnculty in -vvator and 
glycerin, IB soluble in ether and chlorofoim, and also in worm potash, hut pre- 
cipitated by an excess of the latter. 

8 Pharm. Journ. and Tians. [3], ix. 816 (1870). 
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mass treated with 50 per cent spirit, in which a little brown 
resin -was found to be insoluble To the alcoholic solution ether was 
added, and then sufficient water to cause separation. On well 
shaking the other dissolved the whole of the mongumic acid, tho 
addition of a few drops of acetic or hydrochloric acid facilitating 
solution. The mongumic acid was then obtained by evaporating 
the ethereal liquid 

I. Treatinent of the mixed resins with a solution of soda or pohtsh in 
dilute spirit, and recovery of the resin by the addition of acetic or 
hydrochloric acid and filtering, or, if very finely suspended, 
shaking with ether. I adopted this method in separating a rosin- 
acid from pseony-seed 1 The mixed resins were treated with 
boiling 85 per cent spirit, and the liquid kept at for some time, 
to allow of the separation of a little resin anhydride that had 
been carried into solution. To the filtrate water was added till 
the spirit was reduced to a strength of 50 por cent , by which tho 
resin was precipitated The mass was then dissolved in a solu- 
tion of soda in 50 per cent, spirit, again precipitated by tho 
addition of acid, and finally decolourised in alcoholic solution by 
animal charcoal In adopting this method the requisite strength 
of the spirit must be ascertained by preliminary experiments. 

c Treatment of tlie mixed resins with aqueous soda or potash. 
Any resin dissolved by the alkaline liquid may be generally re- 
covered by acidification with acetic or hydrochloric acid. (Com- 
pare also 45) 2 It is, moreover, not unfrcquently possible to 
obtain sparingly soluble combinations of the resin with silver, lead, 
barium, calcium, etc., by adding salts of those metals to tho solu- 
tion of resmate of soda This method is sometimes successful in 
cases of mixtures of several resin-acids or of a resiu-aciJ with othei 
resinous substances soluble in solution of soda. Tho i esms present 
may be separated by fractional precipitation ; 01 it may happen 
that only one is precipitated by the salt used, in which case, ot 

J Archivd Phoim [3], re 42(3, 1S79 (Journ Chem Soc \\\vi.l013) 
2 C/tiyMii, discovered by Piccaid in the buds of the poplai (Bei d d chem 
Ges. vi 884, 1873 , Jomn Chem Soo xxvi 1236) might be isolated by that, 
method It is precipitated yellow by acids, is somewhat bpaungly toluble in 
ether and alcohol, and almost insoluble in peti oleum, bisulphide of carbon, 
chloroform, and benzene The latter, when waim, lemoves the so-called 
tectochrysm An alcoholic solution of chrysin is coloured violet by ferric- 
chloiide, and gives with neutial acetate of lead a yellow precipitate, soluble in 
excefab and in glacial acetic acid. 
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course, the others remain in solution; or finally a mixture maybe 
precipitated, in which, however, a separation may be effected by 
treatment with solvents or by decomposition with carbonic acid, 
etc. Hirschsohn met with a case of this description in his examina- 
tion of galbanum. 1 The resinous portion of the drug was digested 
with soda, and to the solution chloride of barium was added till 
no further precipitate was produced. From the dried barium 
precipitate boiling alcohol dissolved a rather large amount, which 
separated again on cooling, and contained only 1-07 per cent of 
baryta. This portion must have been carried down either 
mechanically or in so loose a state of combination that boiling 
spirit sufficed to effect a decomposition into acid and base. The 
ilcoholic solution contained a second resin-acid, which was partly 
precipitated on passing carbonic acid through the liquid, and 
)artly, in masses of fibrous crystals resembling asbestos, on the sub- 
oquent addition of water. Boiling 95 per cent, alcohol extracted 
t from the dried precipitate. The dilute alcoholic liquid, after 
roatment with carbonic acid, was acidulated with hydrochloric 
cicl, which throw down a flocculent precipitate, soluble in 
mmonia In addition to these three rosins a fourth had escaped 
'i-ecipitation with chloride of barium. It could bo separated by 
assmg a currunt of cai borne acid through the alkaline solution 
In fmctionully precipitating with silver 01 lead salts attention 
'lould ho directed to tlio percentage of the metal and tho molting 
onit of the resin acid contained 111 tho jnor-ipitates These two 
ointR aro frequently of service in identifying acids 
d. The mixed IOSHIR may finally bo nominated by dissolving thorn 
i spirit MuLfnictimially piecipitalmij with ahoholw solution of acetate 
" lea d 

146 Jt&nns ami GutiMcsbiis of Commerce. Tho examination 
commercial roHins and gmn-rosms, which generally consist of 
.horoal oil and vonoiiH reunions substance's fi oquoutly accompanied 
/ mucilage, sugai, etc , was at my suggestion undertaken and 
,rnod out by Ihrschsohn. Tho following is an abstract of lu 
suite 3 

1 Phaim Zoitnchr f Eussland, p 225 et *,/., 1875 (Phorm. Journ. and 
fins [3], vn 300 ft hcq ). 

9 Pharm Zoitaohr f lluBaland, 225 et wq t 1875 ; 1 et seq, 1877 'Boil. 
?e zur Chom dor wiohtigeron Haize, CJummiliaize und Bakame,' Disa. 
irpat, J877 Archiv d Pharm [SJ, * 481 et acy ; xi. 54 et spy ; xiii 288 
acy. Pharm Journ. and Turns vdi 389 et seij. 

9 
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1. For the determination of the etJwreal oil petroleum spirit may 
be used as a solvent. 1 (See 9, 22, 23, 138.) But, as elsewhere 
observed, part of the resin will also be dissolved ; the residue 
obtained by evaporating at the ordinary temperature till the 
weight is constant must therefore be heated to 110 or 120, and 
the percentage of ethereal oil calculated from the loss. The 
amount of resin dissolved by the petroleum spirit, which is thus 
simultaneously ascertained, may be of use in estimating the value 
of different varieties of a resin or in detecting adulterations (in the 
case of copal, the better the quality of the resin the smaller the 
percentage of non-volatile substances soluble in petroleum spirit). 
The mixture (of ethereal oil and resin) obtained by evaporating 
the petroleum-spirit solution frequently yields colour-reactions with 
the reagents mentioned in 142. 

2. The residue insoluble in petroleum spirit is treated with ether 
and the substances dissolved estimated It should be ascertained 
if ether takes up all the resin insoluble in petroleum spirit or if a 
further portion is removed by subsequent treatment with alcohol 
Gum-resins will of course always leave a residue insoluble in 
ether, consisting of sugar, gum, salts, etc. The ethereal solu- 
tion should be tested -as to its miscibihty with alcohol and the 
residue after evaporation for colour-reactions as mentioned 
inl. 

3 The estimation of substances soluble in alcohol, both in the 
original drug and after treatment with ether, together with tho 
qualitative flfn.Tmnn.tnmn of the solution, may likewise yield results 
of some value. In the case of gum-resins sugar is one of the prin- 
cipal substances extracted by alcohol (See 70, 83 et set} , 200 
et seq ) It should be ascertained whether a turbidity is produced 
by adding ammonia, ether, or alcoholic solution of acetate of load 
to the spirituous extract from the original resin 

4. If a gum-resin is under examination, watei will remove gum 
( 73 et seq , and 193 et seq ) and certain salts from the residue 
after treatment with alcohol Note should be taken if a gum 
swelling, but not dissolving, in water is present. (See 103 and 
193 et seq.) 

5. Important results may also be obtained by treating the 
original resin with chloroform, ether, or saturated aqueous solution 

1 The ream should be rubbed down oa fine as possible with powdered glass, 
and then macerated with petroleum spirit. 
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of carbonate of soda. The latter may cause a colouration or take 
up cinnamic acid (detected by the permanganate of potash reaction 
{ 26), etc.). For details of the scheme published by Hirschsohn 
for the identification of the more important resins and gum-resins, 
reference must be mode to the original papers, etc., already quoted. 

147. Pceonio-fluorescin. If agitation with ether ( 44) removes 
Any substance from solution in caustic alkali it should be ascertained 
whether the samo can bo extracted from a solution in a carbonated 
alkali It was found that peeonio-fluorescin 1 could be obtained 
much purer by using a carbonated rather than a caustic alkali, as the 
latter partially decomposes it, whilst the former does not. Whether 
the seeds of other plants contain in their testa a body allied to, or 
identical with, peeonio-fluorescin, and possessing, therefore, a strong 
fluorescence in ethereal solution, is a matter for investigatioa 

Pseomo-fluorescin is sparingly soluble in chloroform, benzene, 
and cold water (somewhat more freely in warm), but insoluble in 
petroleum spirit It is precipitated from a warm (50) aqueous 
solution by gelatine, but not by acetate of load or copper. On 
boiling with very dilute hydrochloric acid an intense green colour 
is developed, winch can be extracted by agitation with ether, and 
changes to a reddish-violet in contact with acetate of soda. Its 
solution in voiy dilute lime-water, extremely weak ammonia, or 
oven chalky spi ing-water, gradually assumes a lino red colour when 
exposed to the an 

118 Anlhntrittutoiie-dt'iivatwes In treating tlio substances 
soluble in oilier ($ 3(5 and 4G) with alkaline liquids, any change 
of colour, especially to iod, should 1)0 caiofully noted If such 
is the cose there IB icason Lo take into coiimdoration the possible 
presence of certain anlhraquinono derivatives, such as chryso- 
phonic acid, omodni, franguhc iieul, almuin, purpurm, etc. They 
are soluble m very dilute alkali, and mo precipitated l>y hydro- 
chloric acid from the deeply coloured (geneially rod) solutions 
It frequently happens that these bodies do not occur ready- 
formed in the fresh substances, or in material that lias been care- 
fully dried, but are present in the form of glucosidos 2 (clirysophan, 
fnmguhn, itiborytliric acid). 

The following are some of tlio characteristic properties of the 
foregoing anthraquinono derivatives. 

1 Aroluv d Pharm [3], xiv 412 

3 Compaie my paper on Analyweuof Rhubarb ; Pharm. Zeitachr f. Russland, 

92 
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Ghrysophamc add, as obtained from rhubarb, senna, 1 etc., is 
almost insoluble in water, but if in combination with a base it 
can be extracted from aqueous solution by adding a strong acid 
and shaking with ether. The solubility in alcohol and acotic acid 
varies directly with the strength of the solvent (1 cc. of 86 per 
cent, alcohol dissolves 00017 gram at 20 ; 1 cc. glacial acotic 
acid dissolves '0004:6 gram). 

Chrysophanic acid is sparingly soluble in petroleum spirit, but 
is dissolved by benzene and chloroform, especially when warm. 
It can be sublimed in flat rhombic prisms, which melt at 162% 
are yellow in colour, and strongly dichroic. It is easily dissolved 
by alkaline liquids, both aqueous and alcoholic, with production of 
a fine red colour, for particulars of the spectrum of which refer- 
ence must be made to Keussler's dissertation. This colouration 
in contact with alkali serves as a means of detecting chrysophanic 
acid and allied substances microscopically, but it is preferable to 
employ baryta- or lime-water, as with these bases compounds are 
formed which are insoluble in water. 

Emodin agrees with chrysophanic acid in most of its properties, 
but may be distinguished by its insolubility in benzene, and 
greater solubility in ether and alcohol It melts at 246 to 250% 
and crystallizes m needles from glacial acetic acid. 

Erythroretm and Phceorehn may also be obtained from rhubarb ; 
they are both sparingly soluble m ether, freely in alcohol , the 
former is coloured purple-red by alkalies, the latter reddish- 
brown. 9 

Chiysarottn occurs in Goa powder/ it is soluble in boiling 
benzene, and forms a yellow solution with cone, sulphunc acid 
(chrysophanic acid, red) It is not dissolved by dilute potash, 
but with concentrated it yields a yellow solution with a green 
fluorescence. On shaking this liquid with air for some time it 
turns red, and then deposits chrysophanic acid after acidulakon 

85, 97, 1878 (Pharm Journ. and Tians [3] vm 826), and the continuation of 
the paper by Greenish, Pharm. Joiirn and Trans [3], iz 933 

1 Compare Keussler, ' "(Inters d ohryaophansaureart. Subst der Sennes- 
bla,tter und der Prangulmsaure,' Diss. Dorpat, 1879, and Pharm. Zeiteohr. f. 
Ruauland, 257 et seq , 1878. See also Kubly, ' Uebei das wirksame Pnnoip 
und eimge andere Best d Sennesblatter,' Diss. Dorpat, 1865, and Pharm 
Zeitechr f Russland, 429 et eeq , 1866 (Amer. Journ Pharm. xxxvi 374). 

3 Compare Knbly, Pharm Zeitschr. f Eussland, vi 6C3, 1867. 

3 Compare Liebermann und Seidler, Ber. d d. chem. Ges. xi. 1603 (Journ, 
Chem. Soo. xxxvt 326). 
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FranguLic and can be obtained as an orange-red powder, con- 
sisting of small acicular (? hexagonal) crystals, which melt at 
255 and are not dichroic. At a temperature of 18 1 oc. of 
glacial acetic acid dissolves 00235 gram, 1 cc. of 96 per cent 
spirit 018 gram. The solutions of this substance in aqueous or 
alcoholic alkalies arc also of a fine red colour, but prove to be 
somewhat different from those of chrysophanic acid when ex- 
amined spoctroscopically. Keussler made the following observa- 
tions with aqueous solutions in caustic potash, under the conditions 
mentioned in 22 : 

Diminished Unduniulahed Diminished No colours 

Intensity Intensity, Intensity observable. 

Chryuopbanio acid . 13 13 34" 34 38 48 to end. 

Franguho aoid . . 18 18 38 Prom 88 to end gradual dimini- 

tion of intensity to complete dark- 
ness. 

Compare Plato I., 1 and 2 l 

Alizarin forms orange-red prisms, which are also almost 
insoluble in cold water, bub soluble in alcohol, ether, benzene, and 
aqueous alkalies. They molt at 215, and can be sublimed with- 
out decomposition. Its alkaline solutions are violet, and yield 
purple precipitates with salts of calcium, barium and lead VogeP 
status that the absorption-spectrum of a solution of alizann in 
dilute alcoholic potash shows two dark bands, one of which is 
exactly divided by the lino d, whilst tho other begins a little 
before D, and may bo traced some distance past that lino (Com- 
pare Plato 1,3) An alcoholic solution of alizaim, after addition 
of ammonia, nhoww an absolution Bpectium with a Hmglo ill- 
<lefmcd band in tho green between I) and F (Pl.ito 1,1) 

I'uijiunn H!IOWH undei tho Lint-namc'd conditions two ill-defined 
absorption bands to tho right and loft of E (Plato I , O), whilst 
an alcoholic solution niado alkaline with potiihli absoibs dark 
MHO powerfully, and shows two very deep Lands between F and 
E, and K and D t and one weak one at d (Plato 1,0) Tho 
diflbronco between the spectra of ah/uiin and purpmm is so great 
that an admixture of 1 per cent, of tho Litter can bo detected with 
facility in the foimor Tho direct detection of small quantities of 
alizarin in purpmin is, however, impossible, but, according to 

1 For fiangulm ivnd frnngulic acid, seo also Faust, Aichivd. Pharm. olxxxvii. 
8,1809 (L'haim Jomn and Trans [3], in 1033) 

3 'Prukt Hpcjktralunalyse,' Nordhngen, Beck, 1877, and Ber. d d chem. 
x. 157 See also ibid 175 and BCD (Journ. Chum, Soo. vol. 
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Schunk and Earner, 1 indirect proof may be obtained by taking 
advantage of the unequal affinity of the two substances in alkaline 
solution for atmospheric oxygen. A solution in caustic soda is 
exposed to the air until it has become almost colourless and ceases 
to show the spectrum of purpurin after the addition of more 
alkali By acidifying with hydrochloric acid and agitating with 
ether, the alizarin can be extracted, redissolved in alcoholic 
potash, and tested spectroscopically. 

The scale on Plate I. corresponds to that described in 20. I 
shall subsequently come to speak of the spectra of chlorophyll, 
hsematoxylm, and some other colouring matters (partly takon 
from Vogel) also figured on the same plate. , 

Pwrpwin forms orange-red needles, melting at 253, and soluble 
in boiling water and alcohol, but more freely so in ether, bisul- 
phide of carbon, and boiling benzene. Aqueous solutions of alum 
dissolve it, forming yellow liquids with green fluorescence , with 
dilute aqueous alkalies purple solutions are obtained , it dissolves 
with difficulty in alcoholic soda, and is precipitated by lime- and 
baryta-water. 

The ffiythrosclfrotin, or sclererythrin, isolated by Podwissotzky 
and myself 2 from ergot is, I think, possibly identical with, or 
closely allied to, purpurin. 

Alizarin is generally considered to be produced from a glucoside, 
vulerythnc acid, and not to occur ready-formed in the madder 
plant , ruberythnc acid is possibly itself a product of the decom- 
position of rubian. The latter is said to be soluble in hot water 
and in alcohol ; from aqueous solution it is not precipitated by 
solution of alum or lead salts, but probably it has not yet been 
obtained in a state of purity. Boiling solutions of alkalies dis- 
solve rubian with production of a red colouration and formation 
of alizarin, rubrretm, verantm, rubiadm and sugar Boiling 
dilute acids induce a similar decomposition, whilst with cold 
dilute alkali it yields rubianic acid. 

Rub&tythnc acid is freely soluble in hot water, in alcohol, and 
in ether. It crystallizes in yellow silky pnsms, and forms blood- 
red solutions with alkalies. Basic acetate of lead precipitates it 
as a vermilion-red powder. Boiling with dilute acid resolves it 

1 Ber d. d. chem Ges x 175, 1877 (Journ Chem. Soc xxxi. 664). 

a Atchiv f. exper Patholog und Phannakologie, vi 154, 1876 (Pharm. 
Jonrn. and Trans. [8], VL 1001, \m. 106) Sitz-Ber. d Donnter Naturf. Gee.. 
892, 1877. 
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into sugar and alizarin. According to Stonhouse, morindin is 
identical with ruberythric acid, morindon with, alizarin (which is 
doubted by Stein), and munjestin with purpurin. 

With regard to tho constituents of madder that have boon here 
mentioned, and some others that accompany or can be obtained 
from them, I refer in particular to the investigations of Schunk, 
Rochleder, Stenhouse and others, for an account of which 
Gmelin's ' Chemistry ' may be consulted. 

For rhamnin, wmthorhamnin, chrysorhamnin, and their allies, see 
Floury and Biswanger, 1 Ortliob, Liebennann, and EcJnnann. 3 

Rhinacanthin, discovered by Liborius in Rhinacanthus com- 
munis, appears to possess some of the properties common to 
anthraquinone-derivatives. 8 It occurs in the intercellular spaces 
in the root bark, is soluble in ether, alcohol and dilute alkali, but 
insoluble in pure and acidulated water. Alkalies produce a deep red 
colouration, which is discharged or changed to greenish by acids. 

Alkmnvn is insoluble in water, but yields fine rod solutions 
with ether, alcohol, bisulphide of carbon, fixed and ethereal oils. 
The spectrum is figured on Plato I., 11. Alkonnm is uncrys- 
tallizablo, dissolves in concentrated sulphuric acid (violet), in 
alkalies (blue), and in alcoholic ammonia 

JBixm behaves similarly to water, alcohol tind ether. It dissolves 
in aqueous alkalies also (but tho compounds thus produced are 
sparingly soluble m alcohol), and is coloured blue by oonccn tinted 
sulphuric acid l 

Curcumui** is alwo insoluble in water, but in dissolved yellow l>y 
other and alcohol, lnown by alkalies Doracic acid coloms it rod, 
changing to dark blue on the addition of an iilkuli (For its Hpoc- 
trum see Plato 1,12) 

For cainlot/ir. acid, which is dissolved yollow by concentrated 
sulphuric acid, soo Jolmstono and IJuclmer 7 

1 Journ. do Phfirm et do Chim xxvn 6(56 ; Jlupoit f. Phaim civ 64 

3 Bull, de la Soc do Mulhmwo, x\\ Ib ; Bur d cl chom Ges \i 1018. 
Bee aha Lefort \incl Stem, Jaluesb. f. Phann 145, 1867 , 127, 1868 , 123, 
1869 (Journ Chom. Soc xxxvi ) 

s Site Bor. d Dorpalor NaUirf Gos. 277, 1879 (Fhmm Jomn and Tiana. 
[3], ix 162) 

4 Compare Stain, Chem CentralblatL, 939, 1887. 

See Lmdn, uml Daubo, Journ f. prakt Chem ciii. 474, and New SerieH, 
li. 86, 1870 (Journ Cham Soc. x\iv. 152). 
Phil Mag 281, 1839 
7 Annal d Cheui und Pharm xlv 72, 184-3 (Amor Journ Phann xv 129). 
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For gronka/rtim or faigusic acid see Stein and Arnaudson. 1 
Pipifadhoic add also probably belongs to this group. 8 
149. Detection of dnthraquiiiow-derivatives. To prove that 
these substances, or others that have been separated with resins, 
or resins themselves, are entitled to be considered as anthracone- 
derivatives, they may be heated dry with zinc dust in a glass tube 
in the same way as in ultimate analysis (ie., a mixture of zinc 
dust with the substance at the end of the tube, followed by a layer 
of pure zinc), the products of decomposition being led into a 
cooled receiver. 8 Anthracene and methylanthracene should be 
specially looked for ; both of them are obtained in the form of 
crystalline sublimates. The former melts at 213, possesses a 
blue fluorescence, is insoluble in water, sparingly soluble in 
alcohol, but more easily in ether, benzene and bisulphide of 
carbon. When dissolved in benzene it forms a compound with 
picric acid, which separates out in red crystals. The action of 
bichromate of potash and sulphuric acid converts it into anthra- 
.quinone. If anthracene alone is obtained, a derivative of that 
body would be indicated; methylanthracene alone or together 
with anthracene would arouse suspicion of the presence of a 
methylanthracene derivative. The latter possesses, like anthra- 
cene, a powerful blue fluorescence , it melts at 200, fprms with 
picric acid a compound crystallizing in dark red needles, yields 
with bichromate of potash, sulphuric and glacial acetic acidfl, 
anthraquinone-carbonic acid, which is sparingly soluble in excess 
of potash and melts at 278. Methylanthracene is only slightly 
soluble in ether, alcohol and glacial acetic acid, but freely in bisul- 
phide of carbon and benzene. 

150 Heematoxylin, etc Treatment with alkali also lovoals 
the presence of hoematoxylm ; but it must be observed that this 
substance can be removed by pure or acidulated water from the 
evaporation-residue of the ethereal extract ( 38) 4 With alkalies 

1 Journ. f prakt Chem. xok 1 , Jahresb f Pharm 105, 1866 

a Compare Weld, Annal d Chem imd Phaim. xcv 188, 1855 (Amer. 
Journ Pharm xxx 446) 

3 Compare Liebermann und Graebe, Ber d i chem, Ges i 49, 104, 1868 
(Journ Chem Soo x\v. 139) 

* The extraction of htematoxylin with ether free from alcohol and water ja 
generally incomplete, as it is somewhat sparingly soluble in that menstruum ; a 
part, therefore, will probably be removed on subsequently treating with 
alcohol. ' 



150. BRASILLIN, SANTALIN, ETO. 137 

heematoxylin produces a beautiful violet colour; it reduces alkaline 
copper-solution as well as salts of silver and mercury, and cannot 
be sublimed. 

The best method of extracting hsematoxylin from vegetable 
substances (such as logwood) is to macerate first with water con- 
taining a little sulphurous acid and then exhaust with other 
saturated with water. (For the spectrum, see Plato I., 7 and 8.) 

JBrasillin resembles hsematoxylin, and, liko it, is soluble in ether, 
alcohol and water. Alkalies produce a carmine-red colouration, 
which disappears when the liquid is warmed with zinc dust, but 
returns on exposure to the air. The spectrum is shown on Plate 
1,9. On boiling with peroxide of lead and water a strong 
fluorescence is developed. 

Santalm is soluble in ether (yellow), and alcohol (red), but not 
in pure water With dilute potash it yields a violet coloured 
solution, from which chloride of barium precipitates a violet 
barium-compound. It differs from alizarin in its melting-point 
(104), in not subliming, and in yielding no anthracene. (For 
spectrum see Plate 1,10) 

151. Detection and Estimation of Gallic Acid, Catechin, etc. In 
addition to the foregoing substances gallic acid, catochm and 
pyiocatochm are oxtmclod by water from the cvapoiation-rcsidiio 
ot the ethereal extract, ( 3H) Thoy aro deposiLod in acicular 
ciystals on evaporating an aqueous solution ovei sulphuric acid at 
tho ordinary tempcratuio, or may bo icmovcd by .shaking with 
ether, 01 piefoiably, acetic othoi If in sullicii'iir, quantity, gallic 
acid or catochm may bo purified by re-crystnlli/ation fioin boiling 
wator, tho fonnor being soluble in 3 parts of boiling and about 
100 of cold wntei,tho latter in 4 and 1(5,000 respectively. Heated 
between watch-glahhos, gallic acid vu'lds a white sublimate of pyro- 
gallol, together with black non-volatile inolnngalhe acid. Catochm 
yields pyrocatochm (Cf. $ 38 and 12) Cone sulphuric 
acid diflsolvoH gallic acid colouilos.s in tho cold, Imt on wanning 
the liquid becomes wine-rod and cnnison Tho addition of water 
now causes tho separation of rulignlhc acid, winch is coloured 
transient blue by cone potash. If only traces of tho latter acid 
aio present they may bo extracted, according to Barfood, 1 fiom tho 
aqueous liquid by agitation with acotic cthoi containing spirit, 
and tho residue obtained on evaporation treated with potash. 
1 Barfood, Lehrb d oig. qiml, Analyso. Liof. 1, 03. 
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Under the influence of alkalies gallic acid turns rapidly groon, 
red and reddish-brown. Like tannic acid, it yields inky mixtures 
with ferrous and feme salts, but is not precipitated by gelatine 
from aqueous solution. It reduces nitrate of silver and alkaline- 
copper solution. Gallic acid is precipitated by acetate of lead, 
and is partially removed from aqueous solution by digestion with 
the hydrate of that metal. The precipitates are, however, neither 
quite insoluble nor of constant composition, so that they cannot 
be recommended as a means of estimating gallic acid except 
under certain Conditions. If a solution of hydrate of load in 
potash is boiled with very dilute solution of gallic acid, a rose or 
violet colour is developed, which is persistent for some time, 
especially in the presence of alcohol (Klunge). 

Catedwn colours cone, sulphuric acid, on wanning, purple, 
changing to black. Solutions in aqueous potash, ammonia or 
carbonated alkalies gradually absorb oxygen and become rose-red, 
scarlet, passing to dark red and finally black. The alkaline solu- 
tion produces at first no colouration with ferrous sulphate, but a 
green tinge is subsequently developed , acetate of soda is said to 
turn the colourless mixture instantly violet-blue, and cause the 
separation of a bluish-black precipitate A very small quantity 
of ferric dhlonde colours solutions of catechin green, but excess 
causes decolounzation and formation of a brown precipitate. 
Like gallic acid, catechin does not precipitate gelatine, and acts as 
a reducing agent. The lead salt obtained by precipitation is not 
suited for the quantitative determination of catechin, as it ea&ily 
decomposes (turning red on exposure to the air). 

A better method for estimating both catechin and gallic acid 
consists in agitating with ether or acetic ether and weighing tho 
evaporation-iesidue, or preferably, titrating it with perman- 
ganate of potash. (Of. 52, VII , 53 and 165 ) 

Pyrocatechm is also easily soluble in alcohol, melts at 112, and 
can be sublimed. Exposed to the air m alkaline solution it turns 
green and black , ferroso-femc salts colour it dark green. It 
reduces gold and silver salts and alkaline-copper solution. With 
acetate of lead a precipitate is formed, which is soluble in acetic 
acid ; solution of gelatine is not precipitated 

152. Quercitnn, Queicetin, etc Quercitrin and quercetin, if 
present in the material under examination, might be partially 
extracted with ether ( 36), by which, however, they are not very 
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easily dissolved. They are both very slightly soluble in cold 
water ; quercetin even in hot. They dissolve in the fixed and 
volatile alkalies, and in alcohol, crystallising from the latter 
in yellow needles. Ferric chloride colours the alcoholic solu- 
tions green (quercetin red, on warming) ; acetate of lead pro- 
duces orange-red and brick-red precipitates respectively. Both 
quercitnn and quercetin reduce solutions of gold and silver salts, 
and also alkaline-copper solution after prolonged boiling. Heat- 
ing with mineral acids resolves quorcitrin into isodulcite and 
quercetin (Lowe contradicts this, and asserts that water alone is 
given off). It may be extracted from aqueous solution by agitation 
with amylic alcohol. 1 It melts at 130 to 133, and is insoluble 
in benzene, petroleum spirit, chloroform, and bisulphide of 
carbon. 

In close relation to, but not identical with, quercitrin or rutin 
stands the violaguerctirm recently isolated by Mandolin 8 from 
Viola tricolor. It was deposited in yellow acicular crystals on 
saturating the aqueous solution with benzene. Boiling with 
dilute acids decomposed it with production of glucose, quercetin, 
and a third body as yet not further investigated. 

A body allied to quercotin appears to occur in the rliizomo of 
Podophyllum poltntum 3 According to Fodwissotzky, the other 
important constituents of this diug are podojihyllotoj'in, which 
molts at 115 to 120, is sparingly soluble in wator, Holublo m 
other and chlurofonn, and precipitated fiom chloiofoinuc solution 
bypetiolcum nimid^wiopoitojnJii/Ilin, which is easily ciystalhzablo, 
and soluble in 95 poi couL spirit, ether and chloioform, but 
insoluble in milk of lime and ammonia , and 'imdo/ihijUif (iLiit 

Gentistn is said to roqmio 2,000 paits of cold ether for solution, 
and must thoiofovobo looked foi in Lho alcoholic extract iLloims 
pale yellow silky noodloH, which can bo pai tially Hiiblimod without 
decomposition, requires 5,000 pails of cold, 3,850 of hot water, 
455 of cold and 6*2 5 of hot absolute alcohol foi solution Feme 

1 Compare Johonson, 'Ziir Kunntmni om/i-lnor chcmiHchur T3tMiuidthoilo 
doi Woidun.'elc Aichiv d Pharm [8], \m 110, 1H78 (I'hiirm Joiuu and 
TianH [!)J, vin 09). l\>r Lowo'u paper HOO Zi'ilHchi f ami! Chemic, xiv 
U88, 1875 (Jouin Choin Boo xxix 108) Suo alH Liuhoimiuiii and JIaiu- 
Imigi-r, llci d. d chum Gos XH 1178, 1879 (Jouin Chom. Hoc xxxvi, 944) 

2 Hitz-Bur d Dorimtop NaturfoiHohoi, GOB. 1882, p 818 

' Couipiuo I'odwitwoUky, Arohiv f 1'liniin. mid oxpor FaLhologic, 29, 1880 
(Phanu Joiuu. audTraua [8], xu 217, 1011). 
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salts precipitate it reddish-brown from alcoholic solution. Fused 
with, potash it decomposes, yielding acetic acid, phloroglucin and 
gentisic acid. The latter is isomeric with protocatechuic acid ( 42), 
and is coloured deep blue by ferric chloride An alkaline solution 
of gentisic acid becomes red on exposure to the air ; when heated 
it yields hydroquinone, melting at 169 . 1 

For thujin, see Rochleder and Kawaher ; 2 for rutvn, (insoluble in 
ether), and rohnin, Zwenger and Dronke , 3 for hdeohn, Molden- 
hauer, 4 Schiitzenberger, Paraf and Eochleder. 6 

153. Jala/pin and Allied Substances. To the group of substances 
that are soluble in ether, and can be removed by dilute alkali, 
but not by pure water, from the evaporation-residue of the 
ethereal extract, there belong further some glucosidal resins 
( 58), of which ike jalapin of Ipomcea onzabensis may be taken 
as a representative. 

Jalapin is readily dissolved by alcohol, and in alcoholic solution 
is resolved by hydrochloric acid into sugar and jalapinol; the 
latter is soluble in ether, but only sparingly soluble in water. 
The action of aqueous solution of soda converts jalapm into 
jalapic acid, the latter, after liberation with a strong acid, is 
soluble in water, but only sparingly soluble in ether. 

Jalaptnol appears to occur ready-formed in scammony, and 
possibly in scammony-root also. 

TampiMn of Tampico-jalap resembles jalapin in most of its pro- 
perties, but differs in composition. The same may be said of 

1 Compare Hlasiwetz and Habermann, Annal dei Cliem. und Pharm cbcvv 
62 ; Ber d d chem. Gee vm. 684 (Journ Ohem. Soc xxvm 672^. The 
actual gentian-bitter is not identical with gentisin The former is easily 
soluble in water, is not thrown down by neutral acetate of lead, but precipi- 
tated by ammoniacal acetate and liberated from the precipitate by sulphuretted 
hydrogen. It can be extracted with difficulty by agitation with benzene, but 
with ease by chloroform , ferric chloride does not precipitate it It is apaungly 
soluble in ether, and is said to dissolve m cone sulphuric acid with led colouia- 
tion, and to be decomposed by dilute sulphuric acid with pioduotion of sugar 
(Compare Kromayer, loc at ) 

3 Chem. Gentralblatt, 449, 1858. 

3 Ibid 766, 1862 Annal d. Chem und Phann Supplement, i. 267 
(Amer Journ Pharm xxxv 32). 

4 Annal. d Ohem. und Pharm c 180, 1856 

5 Comptes Bendus, lii. 92, 1861 , Journ. f. prakt Ohemie, xcix. 433, 
1887 

b Compare Spirgatis, N Report, f. Pharm zix 462, 1870 ; Kohler und 
Zwicke, N. Jahrb. f. Pharm, xxxii. 1, 1869 (Pharm. Journ. and Trans. TSl. 
i. 444). 
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the convolvulin of true jalap, which is distinguished by its insolu- 
bility in other, and of twirpetlwn?- which is insoluble in ether, "but 
differs in composition from convolvulin. 

All those gluooaidal resins dissolve in cone, sulphuric acid -with 
purple colour. 

154-. Estimation of Stmtonw. The following method may he 
adopted for the quantitative estimation of santonin ( 45) in 
worm-seed : 3 

ID to 20 grams of the material are digested on a water-hath for 
2 hours with 15 to 20 co. of a 10 per cent, caustic soda solution 
diluted with about 200 cc. of water, filtered and washed. The 
filtrate and washings are concentrated to 30 or 40 cc., cooled, 
neutralized with hydrochloric acid, and at once filtered. The pre- 
cipitate is washed ijrst with 15 to 20 cc. of water, and then with 
an 8 per cent soda solution, and any crystals of santonin 
that may thus bo separated subsequently added to the principal 
portion. The filtrate from the hydrochloric acid precipitate is 
acidified and shaken with 3 successive portions of 15 to 20 cc. of 
clilorof onn. The chloroformic solutions are washed with water 
and evaporated to dryness , the residue is dissolved in the smallest 
possible quantity of soda, filtered if necessary (washing the in- 
Hulublo poilion with a very little water), and acidified with 
hydrochloric acid. After standing for 2 or 3 days m a cool 
place iho Huuloniu is filtered oil', washed with 10 to 15 cc of 
8 por cent Holulion of soda, dried at 110, and weighed A coi- 
rcictiou inuht, bo mado of 002 gram for every 10 cc of mother- 
hmior, and 0-003 gram for ovory 10 cc of washings. 

Santonin can alno bo extracted by boiling with milk of lime 
1C to 20 gramH of worm-seed arc digested with 200 cc of milk of 
lime diluted with 400 cc of water on the water-bath for 6 hours 
foiled for half an hour and filtered The residue is again boiled 
with 10 cc. of milk of lime diluted with 200 cc. of water The 
liltorod decoctions and washings are evaporated to about 30 cc , 
excess of hydrochloric acid added, and at once filtered (the preci- 
?* hemg ^cutcd with soda as before). The filtrate must 
Lnd for IS or days m a cool place, when the santonin may be 
collected ami vroJiul with sodo^olution. The smallamouut that 



290). 



142 RESINS, SITTER PRINCIPLES, ETC. 

remains dissolved in the mother-liquor and washings may "be 
removed by shaking with chloroform. 

Santonin is almost insoluble in cold water, but is dissolved by 
ether, alkalies and boiling alcohol It melts at 169, turns yellow 
on exposure to light, produces no colouration when dissolved in 
cone, sulphuric acid, but colours alcoholic potash transiently 
carmine. If a solution of santonin in sulphuric acid is heated to 
160, and a drop of a dilute solution of ferric chloride subse- 
quently added, the mixture assumes a red tinge, gradually chang- 
ing to violet. 

155. Pi&otoxin, etc. Amongst other substances to be looked 
for in the ethereal extract the following may be mentioned : 

Picrotoxm. Soluble in 150 parts of cold, and 25 of boiling 
water, as well as in alcohol, chloroform, and amylic alcohol 
Prom aqueous solution ( 55) it may be extracted by the last two 
solvents, and also by ether, but not by benzene. 1 It crystallizes 
with facility from water and alcohol in four-sided prisms, reduces 
alkaline copper solution, and dissolves yellow in cone, sulphuric 
acid. If dry picrotoxin is mixed with 6 parts of nitrate of potash, 
and sufficient cone, sulphuric acid to form a pasty mass, a brick- 
red colour is developed on adding a solution of soda (1 to 3) in 
excess. The reaction succeeds better if the picrotoxin is moistened 
with nitric acid, dried on the water-bath, mixed with a veiy 
little sulphuric acid, and then with solution of soda 

Digitalm. According to Schmiedeberg, 2 this glucoside is in- 
soluble in water and dilute soda, but soluble in warm dilute acetic 
acid. Alcohol, alone or mixed with chloroform, dissolves it easily, 
but in pure ether or chloroform it is more sparingly soluble. It 
is a colourless crystalline glucoside, yielding glucose and digita- 
hresin by decomposition with hydrochloric acid in alcoholic solu- 
tion. It dissolves yellowish green in boiling hydrochloric acid, 
brown in sulphuric acid, the latter solution becoming violet on 
the addition of bromine water ( 55) 

Digitoxm accompanies digitahn in foxglove , it crystallizes in 
pearly plates and needles, is not very soluble in ether, and 
insoluble in water and benzene. Chloroform and hot alcohol 

1 See also Gaabe, 'TJntera uber einige Denvate des Picrotoxins.' Bias. 
Dorpat, 1872. 

2 Archiv f exper. Patholog. und Pharm ui 16, 1874 (Phorm. Journ. and 
Trans. [8], v. 741). 
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dissolve it freely. Boiled with, dilute acids in alcoholic solution, 
it is transformed into toxiresin (soluble in ether) -without tihe 
simultaneous production of sugar. With hydrochloric acid it 
.gives a reaction resembling that of digitalin, but is not coloured 
violet by sulphuric acid and bromine water. Digitalin, digitosin 
and toxirosin ore all characterized by very energetic physiological 
action that may bo of use in their identification. 1 

I take this opportunity of referring to three other constituents 
oE foxglove, wliich, however, are insoluble in ether. They are 
the following : 

DiyttOilein. This substance agrees in its physiological action 
with digitalin and digitoxin, but differs from them in its 
solubility in water and cold absolute alcohol. It is sparingly 
soluble in chloroform, and is precipitated from alcoholic solution 
by tho addition of a large quantity of ether. Boiling witb dilute 
acids decomposes it into glucose and digitabresm. Sulphuric acid 
and bromine produce the same colouration as -with digitalin. 
Tannic acitl and basic acetate of lead precipitate it from aqueous 
solution ( 55). 

Dtgitamn is, as already observed ( 79), allied to saponin , it is 
amorphous and soluble in water, to which it imparts the property 
o holliing. Klhoi precipitates digitonin from alcoholic solution 
moro tsoHily than iL does digittilein Baryta-water, tannic acid, 
awl IMIMO aocloio of load precipitate it fiom its concentrated 
aqueous Holuhon. Uoilmg with hydrochloric acid lesolves 
(hgilomn into glucoRO, digitorosin and digitonem, with a gradual 
development of a garuotriod colomation Cone sulphuiic acid 
colours it bvmviiwh red, which is not changed to leddish violet 

by bromine. . 

m IB a resinous Riibstanco that can be obtained in warty 
from alcoholic solution It is insoluble in water ether 
and chloroform, and possesses no marked physiological 

action. 

For anuimurlHi, compare Kiban 2 m 

For mr,o/i )( , which u decomposed by hot dilute sulphuric acid, 

yielding glucoHO and ericmol, see Eochledei and Schwartz 
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Ericinol is characterized by its odour. (Compare also 05 ant 
167.) 

Vanillin (cf 167), the aromatic constituent of vanilla, if 
very sparingly soluble in cold petroleum spirit, but might be 
partially earned into solution in tho presence of fixed or ebhorcal 
oil ; as a rule, however, it may be found in the ethereal extract. 
It is colourless, crystalline, possesses the pleasant odour of vanilla, 
and is soluble in 183 parts of water (at 18), in 4-4. parts of 
alcohol (specific gravity 0'803), and in 6-24 parts of ether. It 
melts at 82, and is soluble in dilute soda , fame chloride colours 
the aqueous solution dark bluish-violet Being an aldehyde of 
methylprotocatechuic acid, it combines with acid sulphites 
( 33), and it is upon this property of vanillin that the follow- 
ing (Thiemann and Eaannann's) method of estimation is 
based * 

The ethereal extract of about 30 grams of vanilla is evaporated to- 
150 cc , and thoroughly shaken for 10 to 20 minutes with a mix- 
ture of water and saturated aqueous solution of bisulphite of soda. 
The ethereal solution is separated and again shaken with 100 cc. 
of the bisulphite mixture. The aqueous solutions are united and 
washed with pure ether to remove impurities. To every 100 cc. 
there are -then gradually added 150 cc of a mixture of 3 vola. 
of pure sulphuric acid with 5 vols. of water The sulphurous 
acid evolved is received into solution of soda, the remainder being 
expelled bypassing a current of steam through the liquid. After 
cooling, the vanillin, which has been liberated, is extracted by 
shaking with 3 to 4 successive portions of ether, and can bo 
weighed after evaporating the ethereal solution. 

Ostruthiin, which resembles vanillin in bemg sparingly soluble- 
in petroleum spirit, 2 is not precipitated by that liquid from 
ethereal solution. It crystallizes in delicate, pale yellow needles, 
melting at 91 } is insoluble in cold water, sparingly soluble in 
boiling water and benzene, freely in alcohol and in ethoi The 
alcoholic solution possesses a feeble blue fluoiesconce, which is 
increased by the addition of water. "With aqueous alkalies it forms 
strongly fluorescent solutions, from which carbonic acid precipi- 
tates the ostruthun unaltered It gives no characteristic reactions 

1 Zeitaohr. f anal Chemie, zv 850, 1876 (Journ. Ohem. Soc xxix 112). 
s Compare Gorup-Besanez, Annul d. Chem. und Pharm. clxTnrui. 321, 1876 
(Pharm Jounu and Tiana [3], vu. 984). 
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with metallic salts, nor does it yield angolic acid or allied sub- 
stances when acted upon by alkalies. 

Peucedanin 1 is allied to, but not identical with, ostruthiin. It 
yields no valorianic or angelic acid, but is decomposed by the 
action of acids into orooselon and methyl-compounds ; it is, in 
fact, dimethyl-orcosolon. Peucodanin melts at 76, is colourless, 
crystalline, insoluble in cold water, but freely soluble in alcohol 
und other. 

Oreoselon can bo obtained from peucedanm ; it is almost insoluble 
in cold water, but soluble in alcohol, other and benzene. Bisul- 
phide of carbon, ammonia and dilute alkalies dissolve it only when 
warmed, and the latter solution reduces alkaline copper-salts. 
The alcoholic solution is not altered by ferric chloride. A blue 
fluorescent solution is yielded by cone, sulphuric acid, but not by 
ulkalies. Fused with an alkali, it yields acetic acid and resorcin 

<) 

dtJiamanlhiu. 2 The statement that this substance is divaleryl- 

oroosolon requires further investigation. It crystallizes m colour- 
leas needles molting at 79, is insoluble in water, but dissolves in 
diluted alcohol and in other 

LttkCi'jHtiii-* forms colourless primus, melting at 114, and is 
sparingly soluble in wutoi und alkalies, but freely 111 alcohol, othoi, 
chloroionn, bon/ono, and bisulphide of ciubon Cone sulphuric 
and fuming niLnc acid dissolve it with rod colouration, boiling 
\Mtli alcoholic potash is said to decompose it into angelic iioul and 
lasorol. 

Oulcli'ib can aLso bo obtained 111 colourless eiyskils, molting at 
120, difficultly soluble in cold, more easily in waim Avator, and 
soluble in 26 parts of other, 7G of cold and 1 of boiling alcohol 
Jt can bo removed fiom aqueous solution by (shaking with benzene 
or chloroform Cone bulphui ic acid is coloured i eel by cubobin 
Aqueous alkalies do not dissolve it 4 (Ch tj /)f> ) 

Jicttiltib IB hkowiao tolerably freely soluble in other and boiling 

1 Compare I [liumvi'lss und Wuidol, Annul d CJhoin und Pharm. cNxiv 07 , 
II out, ibid clxxvi 70 (Jonin Ohoin Hoc x\vin 2/i8, 772). 

J ( 1 <(nnim,ro 8chiiL>durniiUiu und Winklor, Annul, d. Chom. xmd Pharua h. 
,51.', 1HM , HliiHiwoU xmd Wculcl, iliid clxxiv 07 

J C'niiinare I'^oldmftim, 'Uoboi das Tvasorpitin ' DIHH. Gottingon 

4 For an analytjiH of onbebm compare Hchtnidfc, .TahroBb. f Pharm fil, 1870 
fPluniu. tloimi. and Traim [3], n. 270). For cnbabm BOO Weidel, Jahioul) f. 
IMiavm 08, 1877 (Amor Journ. J'haim. 1. '257). 

10 
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alcohol, but insoluble in water and petroleum spirit It dissolves 
in cone, sulphuric acid, from which it can be precipitated by 
water. Betulin forms white crystals, which molt at about 200, 
and are not attacked by aqueous alkalies. 1 

Anacardw acid can be obtained as a white crystalline mass, 
melting at 26, freely soluble in alcohol and ether, and dissolving 
in cone sulphuric acid with blood-red colouration 2 

Cardol is a colourless oil accompanying anacardio acid in tho 
cashew nut. It is soluble in alcohol and in ether, but not in 
water, and possesses powerful vesicant properties (not shared by 
anacardie acid). It can be removed from suspension in water by 
agitation with chloroform. Contact with dilute potash for a short 
time does not result in the loss of the vesicant property of cardol, 
as is the case when the alkali is concentrated and tho action pro- 
longed. The tough mass thus produced becomes red on exposure 
to the air, and gives with basic acetate of lead a precipitate that 
shows the same peculiarity. 

156. Absvntlwin, etc The following bitter principles are also 
soluble in ether absinthiin 3 (dissolves in cone sulphuric acid with 
brown colour, passing to violet. See also 65), 
alchmmnf antliemic acid? ctntinnS aristolochw-y allow , B 
asclepKidin, 10 lebmc acid, 11 cailcediin cat yophylhn 13 (coloured blood- 
red by concentrated sulphuric acid, cf. 55), cascarttlm n 

I Compare Eausmann, ' Bait rage zur Kenntniss des BetnlinB,' Gottingon, 
1878 

s See Stodeler, Annul d Chem. und Phaim. Ixiil. 137, 1847 (Amer. Jouni 
Pharm. xx 139) 

8 Compare Kromayer, Archiv d. Pharm cviii. 129, 1868 

4 Compare Walz, Jahrb. f prakt Pharm xxiv 100, 242 , xxvii 1 ; 
Wittstein, VierteljahiesBch. f prakt Pharm iv 41. 

5 Compare Frenzel, Archiv d Pharm xxui 173, 1829 ; Blitz, ibid xn 46, 
1826 

8 Compare Jahresb f Pharm 61, 1867, 46, 1871 

7 Compaie Walz, Jahib f. prakt. Pharm xxvii. 74, 129 (Amei. Jotirn. 
Pharm xxxv 295) 

3 Compare Fiiokmger, Repert f Pharm [3], vii 12 

8 Compare Walz, N Jahrb f Pharm xui 175 ; xiv 79 ; xv. 329, 1800, 
1861 (Amer Journ Pharm xxxiu 451) 

10 Compare List, Anna! d Chem. und Pharm. Ixix. 126, 1849 

II Compare Maolagan, Aimal d Chem und Pharm xlviu 106, 1843 ; Iv. 
106, 1845 (Amer. Journ Pharm xix, 113). 

13 Compare Caventou, N". Jahrb f. Pharm xvi. 335, 1861. 

18 Compare Bonastre, Jahib f Pharm xi 103 , and Jahn, Annal. d. Ohem. 
und Pharm xix 833, 1837 

14 Compare Trommsdorf , N" Journ. f Pharm. xxvi. 2, 142 ; and Duval, 
N. Jahrb f. Phaim vui. 95, 1857. 
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(the same), chimaphttin, 1 chiratin* and oplielic add, cicutin* 
columbin* 

Cotoin 6 crystallize* in quadratic prisms, is sparingly soluble in 
cold water, freely in alcohol, elhor and chloroform. It molts at 
130, Fornc chloride colours the alcoholic solution dark brown. 
Warming with nitric acid colours cotom blood-rod, paracotom 
brown. The luttor molts at Itf2 (tmcorroctod). A description of 
leucotin, oxyloucotin and hydrocotom will bo found in the re- 
searches on cotom and paracotom above referred to. 

J2lttt&in a is sparingly soluble in othov, and is coloured yellow- 
by cone, sulphuric acid. 1 to 2 drops of carbolic acid produce a 
red tinge, which changes to crimson on the addition of the same 
quantity of cone, sulphuric acid, (See also fi5 ) 

I may mention further, erythrocentaurin? eupatorin* guacin? 
Jwp-litter. 10 (To isolate the hop-bitter Isloib exhausts hops with 
cold water, absorbs the bitter principle with charcoal, extracts it 
from the same with 90 per cent, alcohol, distils, and, after 
separating the resin, shakos the resulting liquid with other. He 
confirms tlio statement that hop-bitlor ifl not a glucosido, but, on 
boiling with diluto acids, combines with a molecule of water 
yielding upanngly soluble lupnhrotm. Part ot the hop-roam may 
bo romovod troiu aqueous .solution by &hal\ing with petroleum 

1 C!(iip,ii(> P.nibniilc, Vii'itcljahii'Hsoln f pi.ikl IMuuin i\ , r >S'2, ISliO 
(Ainoi .Joiiiii I'li.uiii \\\n '2 r )<>) 

u OompnM Kemp, IMiiiini Joinn .mil TIIUIH [1J, 1, y.'il, 1h70, Holm, 
Au-liiv (I I Mini in c-l\\\i\ "22V, IM.'t 

a C()iii])!iic WikM/,(>jiiHki, ' Mill Mcili / Kcnn(nis4 (li-i i-iflmcn Wiikmijjf il 
WnHHOiHchiciliiiH ' UIMH I )i ]int, 1 <s7.', and .I.ilu c sb I IMiiuiii 1!):?, ]H7 r ) 

1 Cinnpiuu Hocdt'i-kci, Annal <1 (Jhi in uncl IMi.uin Ki\ !J7, 1HI!) (Amui. 
Jonrn I'luiui \\ 'Ml) 

Oomimrn HOHHO, und JoliHt Ni'iii-H Iii'iii-iL f IMiaun \\v 2:5, 187(5 , Her 
cl d. Chum CJu4 K 110, 1H77, Ann.il d Cilicirt. und IMiuini K\LI\ 17,1870 
(IMmnn Jouni TraiiH [!, vi 7(5 1 , vn -lli.l, 101!) , \ fi'JI, fill) 

Cimipaic Xwi-iiHcr, Annul, d Clu-in und IMiuini \lm Jlfiii, 1812 , Will/, 
N .hilnb f. JMmnn xi '21, 17H, lH. r .i) , JCohlci, N Ui-pi-it f I Minim xviu 
fi/7, IHt)!) 

7 Coinp.iro Mdliu, JahreHli f Phium. 70, lfifi(5 , 02, 1870 , fiC, 1871 (Ainoi 
Jonrn IMiann xxxvin. 3011) 

H (/omnaiu liifrlun^Jomn f Phann \iv 023 

"Coniparo IVttonkofor, Jlopoit f JMinrin Kxxvi. 311 , Fanvf, .Tahib. f 
Phaim \\n '291 

J0 Cimipaio Loimc-r, ViortoljahroHHcln. f i>rakt TMiarni. xii. fi04, ]8(i:); 
BiBHt'll, Amur Jmim Phftrm xhx 082, 1877 , (TUOHHniayur, Bor d d. Olu-m 
(oa \i '2 ( )'2, 1878 (Joum. Ohoir floe. -<xxlv. 440) ; iHloib, Arclnv d Phium. 
[81, xvi JM 5, 1880 (Jonrn Chom Hoc xl 101) , Oooh, ZoitHohi- f amil Ohem. 
xx. 180, 1881 (Jonrn Chom. Soc. xl yi(i). 

102 
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spirit G-riessmayer has availed himself of this property of hop- 
resm in the examination of beer. Of. 55 ) Other bitter prin- 
ciples are hwm, 1 jewtisic acid, 2 jumpen-in? hmdendrm, 4 - lycopvnf 
mai iiibin, mangostm? masopin* atidmeconin^ The last-named is 
soluble in hot water, and can be extracted from'aqueous solution 
after acidification with sulphuric acid, by shaking with benzene, 
chloroform, or amyhc alcohol With benzene it can bo obtained 
fairly pure, and can be detected by cone, sulphuric acid, in which 
it dissolves without at first producing any colouration ; but the 
solution gradually assumes a greenish, and in the course of twenty- 
four hours a reddish tinge If the liquid is then warmed, the colour 
changes to emerald-green, blue and violet, and becomes finally rod. 

Mecomn is accompanied in opium by meconw acid, which is 
sparingly soluble in water and ether, but more easily in alcohol 
Boiling with water or dilute acids decomposes meconic acid } with 
feme chloride it strikes a blood-rod colour, which is not discharged 
by a little hydrochloric aci or chloride of gold It can bo 
removed from aqueous solution by shaking with amyhc alcohol 
Meconate of calcium is soluble, but the magnesium salt only 
sparingly so. Chehdomc acid from Chehdonium majus is sparingly 
soluble both in cold water and in alcohol 10 

There may be further mentioned here, methysticin 11 (which is 
slightly soluble in cold ether and dissolves wjouie cone, sulphuric 
acid with fine reddish-violet, in commeicial with blood-red coloura- 
tion), Icawavn,, 12 nattliean, 1 * nitcm 14 (coloured purple by alkalies), 

1 Compare Boussingault and Bivero, AnnaL deOhim etdePhys xxvni 430 
(Amer. Journ Pharm 11 846). 

2 Compaie Weppen, Jahieeb f. Pharm. 31, 1872 (Journ Cham. Soc xxvi 
906). 

3 Compare Steer, Wiener Acad Anz B. xxi. 388 

4 Compare Emmet, Repertf f Pharm, Ixxv 88 (Amer. Journ Phaim. in 6) 
n Compare Geigei, Kepert f Phaim sv. 11. 

6 Compare Kromayer, Archiv d Phtum cviu 257, 1862. 

7 Compare W Schmidt, Anna! d. Chem und Pharm. xciii 83, 1864(Amor 
Journ. Pharm. xxvii 831) 

8 Compare Genfch, Annal d. Chem und Pharm. xlvi 126, 1843 

9 Compare Pelletier, Anral d Chem. und Pharm. Ixxxvi 190, 1863, and 
Anderson, zcvm. 44, 1856. See also my 'Emuttel. d Gifte, 1 2nd ed , 238 

10 See Lerch, Chem. Centralblatt, 449, 1846 

11 Compare Nolting and Kopp, Momt. bcientif [3], iv. 920, 1874 (Phann. 
Jouin. Trana [3], vn 149). 

Ibid 

18 Compare Walz, N Jahrb f Pharm xiv. 346, 1861 
1J Compaie Vogel and Eeinachauer, N Eepert f. Pharm. v. 106 (1836) , 
vu. 1 (1868). 
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(coloured cherry-red by small quantities of 
polygonic acid,* guassin* (which is soluble in water, can be removed 
by shaking with benzene or chloroform. See also 55), rottlerin* 
sicopirin, 6 tanacetinf tanghininj taraxacin* asylostein asanthosderotin, 
or scleroxanthm. 10 

157. Lichen Acids and allied Substances, Amongst the consti- 
tuents of plants that are soluble in ether a number occurring in 
lichens may finally bo mentioned hero. Some of them possess 
the characters of acids, as, for instance : 

JRoccellw acid, which, is itself insoluble in water, but forms soluble 
alkaline salts. It can be detected in the gonidia by alkanna. 11 

Others are characterized by yielding beautifully coloured com- 
pounds when acted upon by alkalies, ferric clilorido or chlorinated 
lime, properties that would indicate some relation to orcin and 
allied bodies. Others, again, possess the chemical characters of 
ethereal salts, being resolved by alkalies into stronger acids and 
alcohols. To the former group belong the following : 

Lecanoric acid (diorsollic acid), which is coloured deep rod by 
chlorinated lime (avoiding an excess), and is decomposed at 153 
into orcm and caibomc acid 12 

Orwllic acid, which undergoes a similar decomposition at 176, 

I Coiupaic Duloiifr, ilnhil) f Thai in. xiv 441. 
a Compuio Itmli'iniiiLkiii 

8 Compai (> Wifrtfoi 4, Anna! d Clu-in UTH! Th.ivrn \M 40, 1HJ17 ; (Jold- 
Holimult iinil Wi-iilol, Hoi <l WH-IH-I Akud Kxiv USD, 1877 (Jouiii C'hcm. 
Hoc xxxiv 80) Huo also my ( KiimUt luni> <l (JifUi,' '2nd oil, 'MO rl scr/ , 
anil JnlnoHb f Phaiin 01'), 187H Also (/luisti'iiwn, Aiclnv <1 Plmim \vu 
481, 1882 

4 Oompaio AniluiHim, (Uimu (VnLialhliiU, .'57*2, 18, r iB (Anit-i .Inuin IMmim 
xxxil 3'2f>) , UiuvuH, Juluuhh f. Phaim Ibl, 187U (I'luuin .Jouiii Tians [3], 
m. 228) 

fl Oomparo Pookolt, Zcitschr cl Oiwloir ApoLhi-ki-r-Vor '280, lM"f! (TJmrm. 
Jouin. Trans [A], vn. (ID) 

Coiupaio Li'ioy, Jimin do Chun mod \\i W7 , Tjuppig, 'Clioni UntuiH 
1. Tanacotum vulymu,' DISH Dmpi.1,, 18H'2 

7 Comparo T-leniy, Jomn dc I'liaim \ fi'J (Anioi Jimin Phaini vni 102) 

8 Oomiuuu Kiomayor, ' Dio BiLLuiululh 1 ,' 07 , and Pok-x, Aicihiv d Ph.nui 
xix. 50, 1810 

Cnmpaio HubHchmium, 1'Larm VicrLuljcihroHschi v. 197, anil Kn/, ibid 
li)fi, ISSO 
1U Compare Drayc-ndnrfr and TodwiMHoi/ki, ?oc cif 

II Comp.uo Hchmiuk, Annul, d Cheni mid riiann ki. GO, 78 ; also IFiNse, 
3xvii 3HJ, 1801 (Jomu Ohoui. Sou in 1C3) 

" Hohunok, Annul cl Clu-in mid I'liarm. xli 157, 1812 (Jonrn Chcin Hoc. 
71) , hv. 2(!1, 1846 , Ixi 04, 18-17 , Htenhotine, ibid Ixviu f>7, 148 , c\xv. 
353, 18(J3 (Jomn. Chora. Soc. xx. 221) ; Hesse, cxxvi\ '22, 18(>G 
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and with alkaline solutions at a temperature as low as the boiling- 
point. 1 Both this and the foregoing acid form salts of ethyl when 
boiled with alcohol 

Gh/rophoric acid, which is sparingly soluble in ether, yields orcin 
on decomposition with alkali, and turns red on exposure to am- 
raoniacal air. 2 

Pardlic add, which is only slowly coloured under the same 
conditions. 8 

Qeratophyllin, which strikes a violet colour with ferric chloride 
and blood-red with chlorinated hme. 4 

Patellanc acid, which, in alkaline solution, turns rod when ox- 
posed to the air Feme chloride colours it blue, chlorinated 
lime, blood-red. 6 

JSvernic acid yields orcin by dry distillation, is coloured dark- 
red by ammoniacal air, but only yellow by chlorinated lime 

Even nirnc acid (oxyusnetmic acid ?) is also coloured yellow by 
chlorinated hme, but does not change when exposed to ammonia- 
cal air. 

Usnic acid behaves in a similar manner, but an alkaline solution 
turns red on exposure to air, and the acid itself yields botaorcm 
by dry distillation 7 

Carlvsms acid 6 (is sparingly soluble in ether) gives no colour 
reactions 

Pidpinic acid (chrysopicrin), which is more easily soluble in 
bisulphide of carbon and chloroform than in ether, la obtainable 
in yellow crystals and forms yellow salts with alkalies Boiling 
with baryta-water resolves it mbo alphatoluic acid, oxalic acid, 
and methyl-alcohol It may therefore be placed in the group of 

1 Sohunck, Annal d Chem und Phflrm xli 167, 1842 (Jouin Ohem Soo 
i. 71) , liv. 261, 1845 , lii 64, 1817 , Stenhouae, ibidL Ixvm 57, 1848 , oxxv 
353, 1863 (Journ Chem Soc. x\ 221) ; Hesse, cxxxix. 22, 1866 

3 Compare Stenhouse, ibid Lex 218, 1849 

8 Compare Sohunck, ibid liv. 274, 1815 ,Strecker, Ixvm 114, 1848. 

* Compare Hesse, ibid cxix. 366, 1861. 

8 Compare Weigelt, Jouin f. prakt Ohem ovi 28, 1869 

6 Compare Stenhouse, ibid kvm 86, 1848 ; Hesae, ibid xlvn 297, 1861 

7 Compare Knop, Annal d Ohem und Pharm xlix 103, 1843 ; liochleder 
and Held, ibid jJvm 1,1843; Stenhouse, ibid Ixvin. 97, 111 Knop and 
Schnedermann, Journ f prakt Chem xxxvii 363, 1843 , Hesse, Annul d 
Chem. und Pharm CX.YII ,$43, 1861 

8 See Hesse, ibid, oxxxvn 241, 1866 ; Ber. d. d chem Ges. x. 1324, 1877 
(Journ Ohem Soc xxxn 896) 

8 Stem, Chem. Centralblatt, 656, 1864 , 432, 1865. See alto SpiegeL Ber. 
d d chem. GOB xrn 1629, 1880. 
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ethereal salts previously mentioned. The same is the cose with 
erythrw acid (sparingly soluble in ether), which is regarded as 
diorsellinato of erythrite, 1 picroerythrin (orsellinate of erythrite), 
and letaerythrio acid 9 (orsollinato of betapicroerythrin). 

For fncrolichenin compare Alms, Stenhouso, and G-roves ; 8 for 
cetra/ric and lichenosteano acid, Schnedermann and Knop,* for 
variohnin, Robiquot ; 6 stictic acid, Schnedermann and Knop ; 
lobaric acid, Knop; 7 atranoric add (hydrooarbo-usmc acid?), 
zeorin, sordidin, Patorno; 8 calycin, Hesse. 

Microscopical examination shows that the majority of these 
acids adhere ui the form of minute granules to the exterior of the 
hyphro, in hetoromorous lichens almost exclusively in the cortical 
portion of the upper surface, or, in old specimens, on the margin 
of the thallus (Physicia pariotina). 10 

To test for a hchon-acid yielding orcin as a product of decom- 
position, the substance under examination, or port of the lichen 
itself, may bo heated with dilute potash, chloroform added, and 
the warming continued for some time in the water-bath. If such 
an aoicl is present, homonuorescm will bo produced, and the 
solution will appear reddish-yellow by transmitted, and show a 
hno yollowish-greoii iluorosconco by loiloctod light Usnic acid is 
wud not to give tins reaction, which is yielded by locunoiic, 
cry tin ic and cvoimc acid (by the last-named aftei continued 
boiling with milk of lime) 

Kiythiu. mid Iciaiiom' Mid Jiro evti acted fioin the lichen by 
(ligcHtion with ainiuonia, andaio piocipilalcd by acetic acid On 
warming, i-rytbnc acid passes into solution, whilst Iccanoiie acid 
remains undiHsolvod 



I Compare T low on, Hc-liwei/,. .Toniu hx .')1,3, iilw) Schtmck, 
StruolvOi, JLoHMo, ftlroorly ([uolud 

J Sou MuuHclmlkm, liulk't. du liv Hoc- chim. [2], n i'2l, 1HOI Liuiipnrter, 
AniiiJ d Chum und I'hanu CVXMV 'Jl.J, IKtJfi 

* Auiial d Clioui und Phann i (11, KS.'JJ (Anu-i .Joiuii. Phaim \vi 202), 
ibid olxxxv II, 1H77 (I'roo Hoy Hoc K (5H) 

'Annul d choiii und J'liann Iv 11 1, 151), ISJfi. 

B Anii'il dii clnm ot do J'hys. xln 2M 

".Inhii-Hli f Thftim 7(5, IMS 

7 (Jhuin Ooiitialblatt, 173, 1R72 (Joum Ohi'in Sc xxv. 19) 

H Ik'i d d ohom (!OH x 1100 ami 1982, 1877 (Joum Glu-m Roc xxxi 
l) , x\\n 270), 

II Jici d d. chum (Ji'H \iu 1816, 1880 (riiaim Jonrn. Trann [.!, \i 471) 
10 Coiupaiu Hohwai'tn in Cohn'a ' Jioitriige zur Biulugio d. Pflau/cn,' 111. 

Part II and Archiv d. Pbann. [8], MX. 121, 1881 
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Usnic acid, which, occurs in yellow crystals, yields a colourloss 
ammonium salt. 

158. Orcin and Betaorcin Estimation of Orcin. Orcin and bota- 
orcin, which, have already been mentioned as products of the 
decomposition of certain constituents of lichens, and which some- 
times occur ready formed in plants, can be obtained in colourloss 
acicular crystals soluble in water, alcohol, and other. Exposure 
to light colours them reddish; alkalies, chlorinated lime and ferric 
chloride, violet By the action of ammonia and air oroin yields a 
blue colouring matter, whilst, under the same conditions, beta- 
orcin gradually turns red. Orcin melts at 08, botaorcm at a 
temperature above 109. 

Keymann estimates orcin in lichens by titrating with bromine- 
water, 1 by which monobromorcin is first produced and subse- 
quently converted into tribromorcin. To the solution of orcin 
in a stoppered bottle titrated bromine-water is added till the. 
precipitate has assumed a yellowish colour and excess of bromine 
is present, which is then estimated by iodide of potassium and 
hyposulphite of soda. The amount of orcin present is calculated 
from the equations 

C r H 8 2 + Br 2 = HBr + 7 H ? Br0 2 
and 

C 7 H r Br0 2 + 2Br 2 = 2HBr + C T H B Br 3 3 . 

TANNIO ACIDS 

159. Constitution. In estimating tannic acids an error has 
generally been committed m overlooking too completely the 
chemical di/mnces existing between the various substances that 
have received this name. It has usually been considered sufficient 
to determine quantitatively the value of a reagent in teims of 
gallotannic acid, the tannin most easily procurable, and to apply 
the results thus obtained to the estimation of other tannins. 
This would be admissible under the assumption that all tannins 
possessed approximately identical equivalent weights and pro- 
duced nearly identical chemical effects. But it has already been 
shown in 52 that such is not the case It will be sufficient 
here to repeat that tannins exist which do not allow of com- 
parisons with one another, even with regard to their coiistitution. 
At present many tannic acids may be assumed to be ghicosides, 

1 Ber. d. d. ohem Ges. viii 790, 1875 (Journ. Ohem. Soc xxvii. 1293). 
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splitting up under tho influence of dilute acids into glucose and 
some second substance, but of a number it must bo denied that 
they possess any such glucosidal characters. 

160. Giucosidal nature. In enumerating the characters of a 
newly-discovered lanmc acid, it is, therefore, important to state 
whether it has boon found to bo a glucoside or not ( 61). The 
examination may bo made by heating weighed quantities of the 
tannin with 1 to 2 per cent, aqueous hydrochloric acid in sealed 
tubes to 100 for several hours, allowing them to stand for some 
time after being opened, in order to observe whether any spar- 
ingly soluble decomposition-product separates out in tho cold. If 
this is the case, the substance may bo filtered off, but at the same 
tune it is advisable to ascertain whether any portion that may 
remain in solution cannot bo removed by shaking with ether, 
acetic ether or chloroform. After warming to expel dissolved 
traces of those liquids, the solution may be examined for glucose 
(61, 83, fl5s<3 , 200, etseq). 

Tho decomposition-products that are thus obtained, together 
with glucose, are sometimes crystalline, as, for instance, gallic 
acid, from the tannin of gulls, sumach, myrobalans, divi-divi 
(cf J$ 151), and tho yellow ollagic acid from tho tiuimc acid 
of the pomegranate and bablah fimts But they are generally 
amorphous, difficultly soluble m pure or acidified water and in 
puio ether, soluble in water containing ammonia, and hooly 
soluble in spmtj they arc, sis a inlu, dec]) in coloui, and agroo in 
all ossontial pi opci ties with tho ji/ilubnjihcin^ montionod m $ 18 
and 10H Some sue HO Hniiinigly soluble that tho} msiy ho of uso 
in tho quantitative estimation ol tho icspoctmi tannins This 
is especially the cano if, aftor tho action ol tho ucid, tho liquid in 
evaporated to drynows mid lioutud with watoi, when they often 
remain behind almost ontiroly insoluble 

Substances of tins description, aio yielded by tho decomposition 
of tho tanmc arid of oak, willow, ohn, Jii, birch, and ncacisi bark, 
as well as by that from rhuhurb, malo-Forn, loduni, wine, and by 
many othois Chemically the phltilxtphcnps approach many lusms, 
with which they share the solubility in alcohol and slight aolubility 
m uatoi, did'oring from them in then 1 solubility in dilute ammonia, 
but resembling them again in tho substances thoy yield whon 
fused with an alkali (Cf. i? 4*2 ) Lignin and suborin also appear 
to bo connected with the plilobaphenes. 
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The phlobaphenes mentionod in 48 may, as stated, liaro boon 
produced from tannins during manipulation, whilst thoso in $ 108 
will probably have existed ready-formed in the malarial under 
examination. 

But, although phlobaphenes are insoluble in puro water, they 
are dissolved by solutions of taruuc acid, sugar, and other sub- 
stances, and small quantities may therefore have boon extracted 
by water. 

161. Proneness to Decomposition. The determination o tho 
glucosidal or non-glucosidal nature of a tannin is sometimes 11 
matter of considerable difficulty, because, on tho one hand, it/ in 
not always easily separated from any glucose with which it may 
be contaminated, and, on the other hand, many taniiins readily 
decompose, yielding bodies resembling their mother-substances iu 
possessing a similar action on hide, gelatine, otc. A decomposi- 
tion of this kind is observable with gallotannic uoid, which, 
especially on prolonged heating in aqueous soluLiou, apparently 
undergoes dissociation into a polygalhc acid 'and sugar. Somo 
tannins, too, from barks, etc , appear to be capable ol pai-ting with 
a portion of their glucose without completely losing their action on 
gelatine, etc, which, however, rapidly diminishes, oven at tho 
ordinary temperature, on allowing tho aqueous solution to stand 
It is not surprising, therefore, that very varying statements are 
met with as to the glucosidal nature of a tannin, and especially 
the amount of glucose certain members of tho class can I>o made 
to yield And yet it is most important to determine whether 
glucose can be obtained from a tannic acid or not The produc- 
tion of a sparingly soluble and possibly crystalline body from an 
easily soluble amorphous tannin by the action of hydrochlonu 01 
sulphuric acid ( 160) is insufficient proof of its glucomdul nature, 
since non-glucosidal tannins undergo a similar decomposition 

As a rule the action of dilute acids on a tannm results in tlio 
formation, apart from glucose, of a single decomposition-product 
belonging to the aromatic series (gallic acid, ollagic acid, phloba- 
phenes, etc.), but the researches on the tannic acids of tho 
Nymphaceaa recently earned out in my laboratory by Griming 
prove that two or more decomposition-products can bo obtained 
from one tannm. From Nymphsea alba and Nuphar lutcum 
non-glucosidal tannic acids were isolated, undergoing no f urthor 
sepaiataon by fractional precipitation with lead, and yielding, 
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when warmod with, a dilute acid, gallic and ellagic acids together 
with a phlobaphene. 1 

162. Purification. The case with which tannins decompose 
renders their preparation in the state of purity desirable for 
accurate investigation a matter of considerable difficulty, and wo 
may confidently assert that this has not been attained with the 
majority of the substances belonging to this class that have 
hitherto boon described. 

In preparing pure tannins the following hints may be useful, 
in addition to those given in 49 to 51 and 60 

1. If a tannic acid is to bo separated from the alcoholic extract 
it is very advisable, after evaporating, to mix at once with a con- 
siderable quantity of water. Alcohol dissolves phlobaphonos and 
resinous substances, together with tannic acid, and strong aqueous 
solutions of the latter are known to be capable of taking up tho 
former, even if otherwise insoluble in water ( 160). 

2. In precipitating tho aqueous filtrate with acotato of lead, it 
is advisable to add the reagent in successive portions, rejecting 
tho fiist (generally more deeply coloured) and last precipitates, as 
they are usually contaminated with foreign substances to a con- 
siderable extent. 

.'3 Tho load precipitates should l>o washed and treated with 
sulphuretted hydio^on amapidly as possible, to avoid decomposi- 
tion of tho tannato of load 

'I Tho Jiltitito from the .sulphide of load should bo evapoiated, 
if possible 1 , in a paitml vacuum, and only l,o the 1 ctmsistenco of a 
thin syrup. Tho romamdei ot tho vvatei may bo ovapoiatod ovoi 
sulphuric acid and linio at, tho oidiuury temporal-mo, tho opera- 
tion being completed in vacuo 

It will frequently bo found advantageous to shako tho liltiato, 
before evaporating, with cthoi 01 iicelic ether, uhich would 
remove any gallic acid that might bo pi esent 

Many tannins may bo pmiliod by dissolving in water, adding 
<jhloiido of sodium, and removing tho taimic uc.id by Hhalcing 
with acotio other or a similar .solvent This method has boon 
ftiiccoHsfully used by Loowo for smnach-taiinic acid and some 
othoiK, 2 and by liaabo for iliatania-taniuo acid 11 It (should bo 



u ziu- Chumiu dor Nyiuphoouen, ])IHH Dorput, 1881, 
J /oitMclu f. amilChuui xu 128 ; xiv. JJ5, JJiJouru Ghuiu Soc.xrvn 171; 

viii. 7f>) 

8 Phoim Kjitwhr f Rutland, 577, 1830. 
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observed that gallic acid must be removed by shaking with ether 
before chloride of sodium is added, and that certain tannins aro 
partially precipitated by saturating their aqueous solutions with 
salt j some also can be precipitated from their aqueous solutions 
by sulphuric or other mineral acid, but this method seldom yields 
them in a sufficient state of purity for our purpose. 

163. Tannins insoluble in Water. The tanmc acids of alder 1 
and hop, 2 together with some others, are stated to bo insoluble m 
water after isolation. In some instances the tannin may possibly 
have been partially decomposed during the process of isolation 
{ 48, 161). In any case in which tannins sparingly soluble in 
water are anticipated, the lead precipitate should bo decomposed 
in the presence of spirit. 

There are also a number of bodies which resemble one or other 
of the tannins in certain of then 1 properties (as, for instance, in 
being precipitated by acetate of lead), but are insoluble in cold 
water. Psaniofluorescin might be placed in this class 3 

164 It not unfrequently occurs that a single plant contains 
two or more tannins for example, in ad<htion to thoir own pecu- 
liar tannins, both oak and willow bark contain a littlo gallotannic 
acid j 4 myrobalans and divi-divi contain gallotannic and ellago- 
tannio acid. 6 If the presence of more than one tannin is antici- 
pated, the method of fractional precipitation should bo tried, or, 
if that is unsuccessful, the examination of the pioducts obtained 
by warming with acids may afford the information required, as 
was the case m the investigation of oak and willow bark , gallic 
acid can be removed by shaking with ether, whereas oak-red 
cannot. 

165 Nates on some of the moie important Tannins. In tho 
following notes those tannins will be mentioned first that aro not 
glucosides, and yield principally pyrocatechm ( 43) by destructive 
distillation. 

Catediu-tannic acid is probably produced from catechm (catoclnuc 
acid) by loss of the elements of water In estimating catechu- 

1 Compare Keichardt, Chem Cantralblatt, N P. i. 12. 

3 See Etti, Polyt Joura ccbutxvm 364, 1878 (Journ Chem Soo. xxiiv. 
797) ; Bissell, Amer Journ Pharm [4], xlix 582, 1877. 

8 44 and 147 

4 Compare Johanson, loc cit. 

8 Compare Loewe, Zeitschr f anal Chem xiv 35, 44, 1875 
Compare Etti, Anna! d Chem. und Pharm olinvi. 327, 1878 ; Zeitachr. 
f. anal. Ohem zii 285, 1873 , xm. 113, 1874 j Journ. f. prakt. Ohem cv. 32. 
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tannic acid good results can be obtained by using a 1 per cent, 
solution of gelatine in saturated solution, of chloride of ammonium 
as indicated in 52, xii. ; chloride of ammonium should be added 
to the tannm solution also. 1 Lehmann has shown that the liquid 
may be diluted within certain limits without affecting the result 
to any notable extent, and that it is advisable to promote the 
subsidence of the precipitate by adding powdered gloss and 
vigorously stirring. He determines the end of the experiment by 
removing a drop with a filtering tube and testing it with solution 
of gelatine on a watch-glass with dark background. The tannin 
solution should be mixed with an equal volume of saturated chlo- 
ride of ammonium solution Each cc. of the reagent indicates 
- 0139 gram catochu-tannic acid. No other constituents of 
catechu are precipitated by gelatine. 

Catechuic acid (151), which is easily converted into catechu- 
tannic acid, should not bo neglected in determining the value of 
a catechu Lehmann endeavoured to estimate it from the differ- 
ence in the amount of permanganate of potassium required (cf. 
52, vn ) before and after precipitation with gelatine (by 
which catechu-tannic acid alone is removed). The results ho 
obtained were, however, somewhat too high, since an infusion of 
catechu contains otlioi 1 substances besides eatoclmio and cateclm- 
tannic acids that act upon pornung.umto of potassium A move 
successful procoss consisted in lomoving the ciiLoclnnc acid by 
shaking with other, as duoctcd in ^ in I, und then titrating it, 
with permanganate of potassium, lockoning \ HI parts of uitochuic 
acid for ovoiy 10 parts of oxygon consumed 

HJiatama IIHIHIG acid, like tho two preceding substances, yields 
phloroglucm and prolocateclmio acid when fused with potash 2 
For this tannm also GUmtlier icconnnendM tho estimation with 
solution of gelatine, calculating 01 i 110 '2 to OOl^.'l giam ihata- 
ma tannic acid for every cc of gelatine solution Tho load pio- 
cipitate, which is tolerably stable but not quite insoluble in water, 
contains, according to Guntlior, 31 2G per cent of oxide of lead. 

1 Lolimann, 'Vergl ITntorH oinigcr Calochu und (Jiunbioi-I'robcn, 1 DIHS. 
Doipat, 41, 1880,Phnnn /eitschr f lliiiwland, No IS, 1881 

3 Oompaie Hanbo, he cil llaabe coutouts tho gluciwidal ch.iracfcci of 
ihftlaina-taimic acid, and in of opinion that it tmnply IOHO-J watui when convoitcd 
into rhntamaiud Hoc alwo Chom. Oentrolblatt, xn. 407, 18b7 , Annal d. 
Chi'm. und I'liai-m cxlin 271, 18U7, in which CriulwwHki, like Wittatoni, Htill 
maintamb tho production of ghioose m tho deoompumtiun. 
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Kaabe found 33-4 per cent, of oxide of lead in the load-salt, and 
16-64 of oxide of copper in the copper-salt. 1 

Morintannic acid, which occurs together with morin and nifalurm 
in fustic, also yields phloroglucin and protocatochuic acid by 
fusion with potash. Boihng water extracts inorin from tho 
wood in the form of a calcium-compound, which is sparingly 
soluble in cold water, and is deposited, therefore, from tlio do- 
coction on cooling. Alcohol acidified with sulphuric acid decom- 
poses the compound, dissolving the monn ; tho latter crystullmw 
from alcoholic solution in yellow needles, which aro sparingly 
soluble in cold, but more freely m boiling water With acotiito 
of lead the boiling alcoholic solution gives an orange-rod procipiluto 
containing 58-4 per cent of oxide of lead 

According to Loewe, an aqueous solution yields both iiwruir 
tannic acid and maclunn to acetic ether By dissolving tho 
evaporation-residue in cold water and adding chloride of sodium 
an amorphous precipitate of tho former is obtained, whilst tho 
latter crystallizes out on standing. Maclurin is msolublo mo. 
mixture of equal volumes of water and saturated solution of wait, 
whereas morintannic acid is dissolved. Morintanmilo of lead 
contains 64 -23 per cent, of oxide of lead No accurate method 
of estimation is known. 

The doubt that has recently been thrown upon the #lucohid;il 
nature of rhatama-tanmc acid renders it very desirable that kino-, 
tormentil- and bistort-tannic acids should be examined tifmsh.- 
These tannins yield similar products when fused with potash 
Kino-tanmc acid is characterized by the disposition its alcoholic 
solution shows to gelatinize. According to Gunthor both kino- 
and tormentil-tannic acids can be estimated by golatiiio-aolution 
(see above, and also 52, xu.), 1 cc of which indicates 0130 
gram kino, and 0168 gram tormentil-tanmc acid. 

For ellago-tanmc acid see below 

The tannin of the horse-chestnut* which is likewise non-glucosulal, 

1 Possibly there is another copper-salt containing 22 to 23 per ocnt CuO ; 
that would, at least, appear piobable from some experiments of Guntlicr 

3 For the tannin of kino see Biafddt, Annal d Chem. und Phann' xcii 
101, 1854 , for its cryatallane decomposition-product, kinom, seo Etti. Her d 
d chem Ges si 1879 (Joura Chem Soc xxxvi. 159) TormenUl-tonnio 
acid is diseased by Eembold, Annal. d. Ohem. und Phorm oxlv. 5 1868 
(Amer. Journ. Pharm xl 311). ' 

a Compare Chem Oentralblatt, x. 318 ; xu. 513. 
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is partially precipitated from aqueous solution by chloride of 
sodium, and by acid sulphite of potassium. The aqueous or 
alcoholio solution turns dark cherry-red when warmed -with 
hydrochloric or sulphuric acid, and deposits rod flocks ; bichromate 
of potassium produces a dark colouration and brown precipitate ; 
with ferric chloride it strikes a green, or, if the solution is am- 
moniacal, a violet colour ; jt is not precipitated by tartar emetic. 
No method is known by which it can bo accurately estimated. 

Amongst the ghicosidal tannins those may bo mentioned first 
which, when boiled with dilute acids, yield, in addition to glucose, 
crystal-lino decomposition-products. The most important of them 
is 

Gdllotimnic add, the decomposition-product of which, gallic 
acid, has been already alluded to (151). Its quantitative esti- 
mation is comparatively easy, as fairly accurate results can be 
obtained both volumetrically by titration with gelatine-solution 
or with permanganate of potassium, and gravimotncally by pre- 
cipitation as tin (stannous), copper, or load-salt A few sources 
of error must, however, be hero alluded to In the first place, 
if the tannic acid has boon extracted by water, muuilago and 
gallic acid may also have passed into solution , thu laltoi is pro- 
cipitablo by gelatine in the presence of mucilage That is avoided 
by extracting ^\ith Rpmt In the Hocoml place, gallic acid, as 
ah eady pointed out, acts upon permanganate of potassium In 
titrating with a solution of that substance, thoiuloic, eilhcr the 
gallic acid must bo removed by sluiUmg with cUier, or, JIM sug- 
gested by Lowontlml, and mentioned in ^ ti'2, 5:1, two estima- 
tions must bo made, the one behno, tho other uflw, piecipiUting 
the tannic acid with gelatine, the ejaculations buing made fiom 
the difl'eronco. In precipitating with ucolui.o ot load or copper 
(but not with aminonio-chlondo of tin), gallic acid is also pai Lially 
carried down, and wliould thove'foro bo previously iomo\ud Fiom 
a solution containing about 2 per conU of Uinnin the tin piocipi- 
tato will contain 19 '77 to 19 79 per cunt ot BUmnoun oxide, the 
lend 50 00 per cent, of oxide of lead, and the copper .'3S 'J8 per 
cent of oxide of copper 

llammci'rt method ($ H2, xi ) may, as already .stated, bo boat 
applied to the estimation of gallo-tannic acid. 

The tannins of sumach, 1 knoppern galls, vulonia and alg.iro- 

1 Compare Uunther, 'lieitr zm Kunntn rler iin Sumach, otc , voik (Jc-ilis ,' 
Diss Dorpat, 1871 (Journ. Cliom Soc, xxiv 76'2) , Louvre, Zeitschr f anal. 
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Tbilla 1 correspond exactly to gallotannic acid, and all that has been 
said of the latter is equally true of the former. They are always 
accompanied by gallic acid in the materials that yield them. 

Some of these also contain the so-called ellugo-tannic acid, 
which is found in notable quantities in myrobolans, divi-divi and 
bablah fruits * 

This ellago-tannic acid, which, as far as Loowo's experiments 
show, is not a glucosido, differs from gallotannic acid in yielding 
ellagic in the place of gallic acid, a change that can bo brought 
about by water alono at a temperature of 108 to 110. Ellagic 
acid can be obtained in sulphur-yellow crystals, which are almost 
insoluble in boiling water or in ether, and sparingly soluble in 
alcohol Notwithstanding, however, its slight solubility in ether, 
small quantities can be removed from aqueous solution by shak- 
ing with that liquicL Ferric chloride produces first a green, then 
an inky colouration It is soluble in potash, and is precipitated 
by acetate of lead from an alcoholic solution in the form of load- 
salt, containing 63 per cent of oxide The dry substance heated 
with zinc dust yields the hydrocarbon ellageuo (C 14 H 10 ), which 
cannot be combined with picric acid. 

Whether ellago-tannic acid has been prepared in a state of 
purity, and whether it is identical with punico-tannic acid, 3 are 
questions which we may for the present leave out of considera- 
tion. According to Eembold, the latter also yields ollagic acid 
Special methods for the estimation of these two substances have 
not as yet been published. 

For nymphsea-tannic acid see 161 

Gallotannic and gallic acids also occur m tea, accompanied by 
quercetin (possibly present in sumach also, 152), and by the so- 
called boheic acid. 4 The latter is not thrown down when acetate 
of lead is added to a hot infusion of tea, but is precipitated on 

Chem. xii 128, 1873 (Journ. Chem. Soo. xxvi 748) , xiv 46 (tannin of 
knoppern-galls) . 

1 Compare Godeffroy, Zeitachr d Oesteir Apoth -Ver. 132, 1879 (Year-book 
Pharm. 215, 1879) 

3 Compare Gunther, loc at Also my observations in the Jahiesbencht f. 
Pharm. 192, 1875 , and Loewe, Zeitsohr, f anal Ohem. xu. 128 , nv 35, 44. 

3 Anna! d. Chem. und Pharm oxlm 285, 1867 I may observe that in the 
pomegranate bark also the eubbtance yielding ellagic acid IB accompanied by 
gallotannic acid, and that Rembold obtained sugar by the decomposition of 
the former 

4 Compare Kasiwetz, Annal. d. Chem. und Pharm. cxlii 233. 
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adding ammonia. It is pale yellow, amorplious, and easily 
Holuble in alcohol. 

Uafffft-tannifP- acid yields sugar and crystalline caffeic acid. 
(Jafloic acid ifl easily soluble in alcohol, sparingly in cold water, 
and strikes a dark green colour -with, ferric chloride, -which is 
turned rod by aodu. It reduces silver salts on warming, but not 
alkaline copper solution. Like caffea-tannic acid, caffeic acid 
yields pyrooatoohin "by dry distillation. The former is also coloured 
p'oon by forric chloride. Its ammoniacal solution turns green 
when exposed to the air (viriclic acid). According to G-iinther's 
experiments, it cannot "be quantitatively determined by precipita* 
tion wilh copper, lead, or gelatine. Titration wrth permanganate 
of potassium might possibly yield approximate results. 

The following tannins arc provisionally considered by many 
chemists to bo glucosides (see note) , they yield amorphous de- 
composition-products resembling phlobaphenes. (Gf 160 ) 

Qn&vc'dannic, acid> which is probably identical with the tannic 
acids of willow and elm bark, 3 is one of the less stable tannins, and 
in, therefore, oxU'cmoly difficult to purify and to estimate ( 161). 
Tho copper and load nalfr soom specially liable to be decomposed 
by the combined action <>i air and water, whilst even the tannic 
add Kbolf in "([noons Holntion lapidly undergoes change To 
lniv<- uny value, thoiorou-, estimation') by gelatine or pciman- 
{Srtiiuio "I imUuwum imwl, bo made with perfectly fresh infusions. 
[Jut Iho inwiIftfcimniH and other substances that aio simultane- 
tnwlj <liH>lvod !>y water from tlio oalc-baik, albo act upon the 
wivgont* and ruiidcr tho oHtimation inaccurate By extracting 
mill alcohol such fmuigii subntancos are excluded ; but the^eshma- 
tum cittiuot bo ma.lo m alcoholic aolution, and distillation can 
bo oflbc-tod without pailuil decomposition of the tannin 






iaolfttod l>y Loowo. 1 1 
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The best results would probably be obtained by extracting 
directly with alcohol, evaporating the tincture in a partial 
vacuum, treating the residue with water, quickly filtering and 
estimating at once with gelatine or permanganate of potassium. 
(Of. 61, 52, VII. and XII) In standardizing the solutions, 
it may be useful to remember that, according to Gunthor's 
experiments, quercitannic acid, though differing greatly in other 
respects from gallotannic acid, possesses the same quantitative 
action on permanganate of potassium. It must bo observed 
that tannic acid is deposited when its solution is completely 
saturated with chloride of ammonium , it is advisable, therefore, 
when precipitating with gelatine, to follow the dn'ections given 
for titrating catechu-tannic acid. Quercitannic acid is sparingly 
soluble in ether, ferroso-ferric salts produce inky mixtures with 
its aqueous solution j other of its properties are mentioned in 
49, 51. The lead salt obtained by precipitation with a 
slight excess of the acetate contains D6 to C7 per cent of oxide, 
the copper salt 29 5 per cent The oak-red produced artificially 
from the tannic acid is identical with the phlobaphono that occurs 
naturally in the bark. It is likewise coloured black by iron salts, 
yields protocatechuic acid and phloroglucin when fused with 
potash, and possesses the properties of a phlobapheno as 
enumerated in 108, 160 

The tannins of the pine, 1 lircli, many species of acai'tii, etc , 
which have been but little investigated, may possibly resemble 
quercitannic acid in many of their essential characters. 

Fihx-tawic add 2 is resolved, on boiling with acids, into glucose 
and red flocks of filix-red } the latter closely resembles cinchona- 
red. 

Cinchona-tannic acid 3 undergoes a similar decomposition with 
production of cinchona-red. Its lead salt is somewhat easily 
soluble in acetic acid. 



1 Compare Kawalier, Wiener Akad. Ber xi 364 et scq. , Rochleder und 
Kawaker, ibid xxix. 22 et seq , WittsteinVierteljahieeschr f pract Pharm. 
iii. 14, 1854. 

3 See Malin, Ohem. Oentralblatt, xii 468, 1867 For tannaspidio acid and 
ptentanmo acid, the former of which Malm believes to be impure filix-red, soe 
Luck, ibid. 667, 676, 1851. Compare further Grabowski, Annal. d. Ohem. 
und Pharm alii. 279, 1867. 

8 Compare Eembold, Annal. d. Cham, und Pharm. cxliii. 270, 1867, and 
Schwarz, Ohem. Oentralblatt, 193, 1852. 
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Cincliona-novcirtannic add 1 yields, according to Hlasiwotz, under 
the same conditions, sugar and cinchona-nova-red ; the latter is 
easily soluble in other. 

For ijpecacuanJia-tiinnic acid* soo WiUigh and Podwissotzlo. , for 
2edUannic add, Willigh 8 and Rochloder and Schwarz;* for 
nucttannic acul, Phipson, 5 for the tannin of matt, Arata; for 
celastrus-tannic acid, DragendorfT. r Information concerning some 
other tannins may ho gained from Gmolin's 'Chemistry.' 

OTHER GLUdOSIDER. 

166. Cyclopin, Ilhinanthin, etc. Oyclopin, which, however, 
cannot, without some consideration, bo classed with the tannina, 
is a glucosidal substance found by Greenish, 8 in the so-called Cape 
or Bush tea. It is freely soluble m water, and is precipitated from 
solution by acetate of lead, as woll as by digestion with the 
oxyhydrate of that metal ; from the combinations with lead thus 
obtained, it can be liberated by sulphuretted hydrogen. Ether 
precipitates it from alcoholic solution. Boiled with 4 per cent, 
hydrochloric acid, cyclopin decomposes into glucose and cyclopio- 
red, which latter is insoluble in ether. With strong hydrochloric 
acid, the solution turns rapidly red. Cyclopin is not precipitated 
by gelatine or tartar (imotic, and <loos not possess an astringent 
taste. In the plant producing it, it appears to bo cnwly converted 
into oxycyclopni, which in insoluble, m alcohol, and undergoes* a 
similar decomposition to cyclopin itself. 

Another glucosidc that yields a deeply coloured decompohition- 
product when boiled oven with very dilnto acids, istliev/imrm//, 
occurring in various species of I'liinnnthus, Alcctoiolophus, and 
Molampyruin ll It can be, obtained in colouiless ocicular cryntalfi, 
soluble in water and alcohol, insoluble in ether, and not proci- 

J Soo inafliwaty,, Aimal d Choin nl riiaini Kxix. 130, 1857. 

3 Jonrn. f. prnci Chum li 404 ; J'havm /eiLmshr. f Itiinslaiul, \i\. 1. 
3'harm Jmirn. QVann [3], v (>4'2. 

1 Chom OontralblaU, 700, LS.12 

*ZeilHchr f. anal. Chem v. (5(58, 18(59 

"IbuLp 812. 

.TahioHb. f. Phaim 104,1878 Compn.ro alno ]JyaHson, ilud. 

7 Arobiv d. Pluum. [3], in 113, 1878 

fi Riieb d. Doipatoi NalnrforHchor-UoH 345, 1880 (Pbarm. Jom-n and TiaiiH. 
[3], \i C49) It iq accompanied by tho oryHtallino cijclopi<{-Jlnfiri'm in, which 
is Holuble in ethor and alcohol but sparingly soluble in water. Potash diBHolvos 
it with yollow colour and pioduotion of a fine groen fluorescence. 

fl Compare Ludwig, Archiv cl. Pharm. cxlii. 109, 187U. 

112 
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pitated by acetate of lead. Boded with dilute [hydrochloric acid 
it yields rhinanthogenin, which is of a chirk bluisli-grcen colour, and 
insoluble in water. 

Some alkaloids, too, possess the property of yielding, under 
similar conditions, deeply coloured decomposition-products, as for 
instance, rhoeadine, thebaino ( 189). 

167. Otliffr important Olucosides, Solubility. A remarkable 
peculiarity of the above, as well as a number of other glucosidon, 
is that, although more or less easily dissolved by alcohol, they are 
sparingly or not at all soluble in other. Certain glucosidos that 
have been mentioned, where necessary, in the foregoing chapters 
show a similar insolubility in ether (compare convolvulm, $ 153 , 
digitalem and digitonin, 155; chrysophan, 148, etc.); m fact, this 
negative property may be said to be characteristic of the majority 
of glucosides. 

Nitrogen enters into the composition of some few of the momborn 
of this class, and certain of them, when acted upon by ferments or 
acids, yield in addition to sugar a volatile decomposition^) rotluct of 
characteristic odour -, but this is not the case with most of them. 
The following are some of the better-lmmm glticosidcs that are 
soluble in alcohol, contain nitrogen, and yield a volatile decmnposktioiir 
prodiicL 

Amygdalin and laurocerasin 1 are both tolerably easily soluble in 
water (amygdalin in 12 parts), and in boiling alcohol of p. gt 
0-819, but more sparingly in cold They are insoluble in petro- 
leum spirit, and are precipitated by ether from alcoholic solution 
Amygdalin crystallizes with facility in bitter scales belonging to 
the monoclmic system. Laurocerasm has not yet been obtained 
in crystals They are both laevo-rotatory. Cone, sulphuric acid dis- 
solves them with pale reddish-violet colour. Emulsm easily resolv cs 
them into glucose, oil of bitter almonds, and hydrocyanic acid, 
the latter body being produced in larger quantity from amygdalin 
than from laurocerasin The reason for this is to bo found in 
the fact that in laurocerasin half of the cyanogen in the amygdalin 
group has been already converted into formic acid, so that lauio- 
cerasin may be regarded as amygdalate of amygdalin. On boiling 
amygdalin and laurocerasin, theiefore, with baryta-water, tho 
former will yield one molecule of ammonia for every molecule of 

1 Oompaie Lehmann, ' Ueber das Amygdahn der Kireohen, Pflatunen,' etc., 
Dims. Doipat, 1874. 
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barium salt formed, whilst from the latter only one of the former 
can he obtained for every two of tho latter. 1 

Methods for tho <juantilatwe estimation of amygdalin have 
been proposed by Tiieckher 2 and Feldhaus. 8 That of the latter 
is based upon the decomposition of the amygdalin by emulsm in 
aqueous solution and estimation of tho hydrocyanic acid produced. 
Almonds are frood from oil, powdered and macerated with water 
fov twenty-four hours. Tho hydrocyanic acid is then distilled off 
in a current of steam, received in ammoniacal water, and estimated 
as cyanide of silver. Anyone that has distilled bitter-almond 
water, or brought hydrocyanic acid into contact with powerful 
alkalies, will know that this method is very faulty. To obtain 
even approximate results I think it must bo necessary that (a) tho 
flasks in which tho maceration is conducted should bo completely 
611 ed with tho mixture, and (Z>) tho use of ammonia or other 
powerful base should bo avoided. 

In Riockhor's method the amygdalin is decomposed by hydrate 
of barium, a reaction wliich, according to Lehmaim, takes place 
tolerably smoothly. One reason for preferring this process to Feld- 
haus's is, that tho result can bo checked by estimating on tho one 
hand the ammonia liberated, and on tho other the omygdalato of 
barium produced Tho latter fan bo dotoi mined m tho solution 
after expulsion of tho ammomii by i amoving tho OXCQSH ot bin mm 
with caihoiuu acid gas, and then decomposing with sulphuric acid 
tho iimygdalsito ol that metal winch has been lolt in solution. 
From tho sulphate ol barium 1,1 im obtained tho amount of amyg- 
dalin acted upon can be calculated This method cannot, how- 
over, I think, bo applied directly to almond meal deprived of iat, 
but only to the. impure mnygdalm obtmncd by exhausting with 
boiling alcohol and precipitating with other. 

Miji'oiuilo of jwhtsMiim crystallixow in rhombic prisms, which are 
freely soluble iu watoi, sparingly in cold alcohol, but nro dissohed 
by warm (r>0 to 60") HH por cent spirit Myronic acid itself is also 
.soluble 111 cold strong spirit, but rapidly decomposes In aqueous 
.solution inyronato of potassium is easily icsolvcd by ferments 
especially by tho myrosin of white and black niustaid (but not 

1 It IH icnuukalilu that Lohmtinn could hncl cnuc-mi#ar in tho Hcedu of the 
jip]>]i, puiii, choiiy, plum, poach, and luttur almond, which contain crysLil- 
h/abli- jvinygilulin, whiM Hwuot almondu yioldod glucose only 

*M. Jahib. 1 I'harm. XMY. 65. 3 Archiv d J'hntm. cl\vi . r >'2. 
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by omulain) into volatile oil of mustard (sulphocyanido of allyl, 
29), characterized by its extreme pungency, glucose and bisul- 
phato of potassium. A quantitative estimation might possibly bo 
made by freeing the finely-powdered seeds from oil, exhausting 
with warm 85 per cent, spirit, and digesting the tincture for 
some time with carbonate of barium. From the filtrate the 
alcohol might be recovered by distillation, the residue dissolved 
in water, and digested with myrosin at a temperature of about 4.0", 
the barium being finally precipitated as sulphate by the addition 
of hydrochloric and sulphuric acid. One molecule of sulphate of 
barium indicates one of myronic acid. 1 

White mustard contains no myronic acid, but in its stead 
another glucoside, to which the name of sinalbin has boon given 
Like myronic acid, it dissolves in boiling 85 per cent, spirit, 
separating out again to a groat extent on cooling. It is crystal- 
line, insoluble in ether and bisulphide of carbon, sparingly 
soluble in cold, freely in hot alcohol, and in water. Alkahos 
colour it 'yellow, nitric acid transiently blood-red. IL reduces 
alkaline copper solution, and is precipitated by mercuric chlondo 
and nitrate of silver. Warm solution of caustic noda converts it into 
sulphate and sulphocyanide of soda, myrosm into glucose, acid 
sulphate of sinapine and sulphocyanate of aciinyl (C r H 7 0, NC>S). 

Sulphocyanate of siiiapine, which also occurs in white mustard, is 
not glucosidal, and differs from sinalbin in boing more easily 
soluble in cold alcohol, and in yielding the uulphocyamdo reaction 
directly with ferric chloride. 2 

Encolm and menyanthin 3 are glucosidos containing no nitrogen, 
but yielding easily volatile decomposition products The foimov 
has been described in 155. Monyanthin is freely soluble in 
warm water and in alcohol, but insoluble in other. Cont. sul- 
phuric acid dissolves it with the gradual production of a reddish- 
violet colouration. Warming with dilute sulphunc acid resolves 
it into glucose and menyanthol, the latter possessing a penetrating 
odour. Menyanthin is precipitated by tannic acid, but not by 
acetate of lead. 

1 Compare Will und Korner, Anna! d, Chem. und Phaim. oxxv. 257, 18C& 
(Am. Jotim Pharm. xxv 328 ) 

3 Compare Will und Laubenheuner, Annal. d. Chem. und Phann. c\ci\, 
150, 1879 (Pharm Jotirn and Trana [8], x. 918). Babo und HorsohLiunn 
ibid. Ixxxiv 10, 1852 

8 Compare Kromayer, loc. cit. ; Liebelt, Jahre&b. f Phann. 119, 1877. 
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Pinipicrin ia described by Kawalier 1 as being freely soluble ii 
water and alcohol, insoluble in pure ether, and not procipitable by 
basic acetate of lead. Its decomposition-products resemble those 
of oricoliiL 

Of glncosidos which yield either fixed or difficultly volatile decom- 
tpositwn-produds not possessing any characteristic odour, the follow- 
ing may bo mentioned. 

Coni/orin is sparingly dissolved by cold, but freely by warm 
water aud by alcohol. It crystallizes in glistening needles, and 
molts at 185 (uncorr.). With cone, sulphuric acid it forma a 
violet solution, and when moistened with hydrochloric acid and 
phenol develops a blue colouration. Dilute acids resolve coni- 
f erin into sugar and a resinous substance ; with omulsin it yields a 
crystalline decomposition-product. The latter, which is sparingly 
soluble in water and alcohol, can bo removed by other from its 
aqueous solution. Its melting-point lies between 73 and 74. 
Coniforin, when exposed to tho air, gradually acquires a vanilk- 
liko odour, a change rapidly brought about by warming with 
dilute sulphuric acid and bichromate of potassium, and caused b;y 
tho decomposition of the coniform with tho production first of tho 
mothyl-othyl other of protoeatoclmic aldehyde, iind finally of 
rtinilltn 2 ( 1 f>r>). Tho reaction with hydrochloric acid and phenol 
may bo used in touting for coniform vmciorheintcally in tho cam- 
bium of conifoiH. 

Tho idol i tit}' of this substance ^ itii tho coinfciin of T.mgol, 1 ' 
detected in sections ot conifois by tins ICM! colouiutioii pioducc'd 
by cone, sulphuric ami and phenol, must ho left Foi tho piosont 
nil open (mention Midloi l has shown tliut the lutbcr also occurs 
in most indigenous troos (Suli\, I'opuhiH, Primus, Acer, Quereus, 
etc.), and is to bo met within al>und:mr<>, especially in tho autumn, 
in tho hard bast and alburnum According to Midloi, the phenol 
only hastens tho appearance of tho rod colour. 

slrbutiii 6 M spanngly solublu in cold alcohol, ether, and cold 

1 Cham Ct-utvalbliitl, 70fi, 721, 1S3S 

- Oompftro Tioiimnn imd llnainiann, Hnr d d chmi. (Jon vii COi), !S7t 
(.louin Clumi Hoc xxvii 8l)f>) Hoe alsd ICubol, Jomn. f prnct Chum. 
\cvii '2l;J, IHbO 

1 Kloi-a, hu No 15,1871 

' Ibid No 215 

f> (JompiU'O ICawdlior, Chom (JontialblaLt, 761, 185'2 , Htieckoi, Annul d 
Chom imd I'hmni evil 288, cxviu 'J02, 18151 ; lllasnveU and ILibc'iinnnn, 
ibid oK\Mi, MSI, 1875 (Jcnun Clu-in. Hoc x\i\. 78, \SA 208) 
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water, but the latter solvent dissolves it with facility wlion 
warmed. Dilute sulphuric acid resolves it into glucose, hydro- 
tjumone and methyl-hydroquinone Both of the lattov can be 
extracted by shaking with ether, and, when wanned with diluto 
sulphuric acid and peroxide of manganese, yield quinono, recog- 
nisable by its characteristic iodine-hke odour. Acetate of load 
does not precipitate arbutin. 

Daphnm 1 differs from arbutin in being precipitated by acotato 
of lead. It is sparingly dissolved by cold, but freely by warm 
water and by alcohol, and is msoluble in ether. Alkalies colour 
it yellow Acids and ferments resolve it into sugar and daph- 
netin ; the latter can bo partially sublimed without decomposi- 
tion. Certain other constituents of mezereon bark yield umbelli- 
ferone ( 27) by dry distillation, 

tialian crystallizes in colourless needles and scales, which havo 
a powerful action on polarized light, and are freely soluble in 
boiling water and alcohol, but much less so in cold. It is insolu- 
ble in ether From aqueous solution it can be extracted by 
amyhc' alcohol ( 56). Hydrate of lead does not combine with it. 
Boiling with dilute acids decomposes salicin into sugar and sali- 
genin or salirotin, both of which substances can be romoved by 
shaking with ether. If an aqueous solution of sahcin or saligonin 
is boiled with dilute sulphuric acid and bichromate of potassium, 
sahcylous acid is produced. (Of 25.) Cone, sulphuric acid 
dissolves salicin, saligenin, and sahretin with production of a lino 
red colour. Sahcin strikes a beautiful violet with Frohde's reagent 
These reactions can also be employed for the microchemiatl detec- 
tion of salicin 

Pojjulm yields benzoic acid in addition to the above-mentioned 
decomposition-products when acted upon by dilute acids (cf. 
26), and sahcylous acid when warmed with chromic acid With 
cone, sulphuric acid a red colouration is developed, and with 
Fiohde's reagent a violet, which, however, is somewhat less intense 
than that yielded by sahcin under similar conditions. It is con- 
siderably less soluble than the latter in water and in alcohol, and 
can be removed from aqueous solution not only by amyhc alcohol 
(like salicin), but also by chloroform and (with difficulty) by 

1 Compaje Zwenger, Annul, d. Chem. trad Pharm. xc. 63, 1838 (Amor. 
Journ. Phftnn. xxxiii 325). 
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"benzene ( 55). Populin decomposes with far greater facility 
than salicin. 

BewoMicm, 1 detected by Johanson in willow bark, forms colour- 
loss crystals, soluble in water and alcohol. With cone, sulphuric 
acid it turns yellow. Frohde's reagent does not produce a violet 
colouration. Boiling with not over-dilute hydrochloric acid 
resolves bonzohohcin into glucose, benzoic acid, and a resinous 
substance that dissolves blood-red in cone, sulphuric acid. 

Pliilijrin^ is much loss soluble in water and alcohol than ia 
salicin, and yields under the influence of dilute acids, glucose and 
philygenin, a polymer of sahgomn. Both philyrin and philygcnin 
dissolve in cone, sulphuric acid with red colouration. 

PUorrliidn* crystallizes in colourless needles sparingly soluble 
in cold water, easily in hot Ethyl and methyl alcohol dissolve it 
with facility, other with difficulty. Dilute acids resolve it into 
glucose and phlorrhetin. Cone sulphuric acid forms rod solutions 
with both phlorrhuzm and phlorrhotin ; with Frdhde's reagent a 
splendid royal-blue colouration is rapidly developed. Moistened 
with ammonia and exposed to the air, phlorrhizm turns yellow, 
red, and finally blue 

jJ'Jacttlin ctiu likewise bo obtained in colourless noodles soluble 
in 12 ."> pints (if boiling, G72 of cold water, m 24 of boiling, and 
120 ui cold absolute alcohol. Clhloi ofovni removes it hoin 
aqueous solution (^ fi5) nulling with dilute acids josolves it, into 
glucose and U'M ulolin The latter yields a yollow solution AM th 
alkalies, it is .ilno soluble ni bisulphite of luunioma, iind il such a 
solution bo mixed with smnnonia and shaken with an, at first 
blood-rod and subsequently a duep blue colour is developed. The 
very characteristic blue lluoi usconco ol .I'seulm in incieaHod by 
alkalies and destroyed by acids 

Frnxm possosflcs a sunilai iluoroscoinju, and can also be obtained 
in colourless crystals. It is more spaiin^ly wolublo in water and 
nbsoluto alcohol than (rsculm, but moio iicoly in ether, to winch 
it imparts its fluorescence. Ferric chloi ide ia said at iirst to sti iKe 



1 Moo iFohiinHnn, (or cil. Tnin, Aunal. 1. Chum unil I'liaun. l\\\i 1 1!>, 
18.V2, xcvi 37fi, 1855 (Amui Jouin J'hium xxiv 211, \xvrn 259). 
J (lompnro Canipona, Aiuml. d. Chom unil Pharui l\\\i '2'1B, \isvi. I37." 
'' Km iHophlonhizin, HOU Jloolilodor, Jiiuin f. proci. Clium. civ. 3D7, 
(Amur Journ. Tharm xli 11 fl) 
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a greon colour aud subsequently yield a yellow precipitates 
Fraxin is thrown down by acetate of lead. 1 

Syritigin ( 55) crystallizes in colourless noodles, dissolves witln 
difficulty in cold water, more easily in hot water and alcohol, but 
is insoluble in ether. Basic acetate of lead does not precipitate it 
from aqueous solution. Cone, sulphuric acid dissolves it with 
deep blue colouration , Fronde's reagent, blood-rod passing to- 
violet -, cone, nitric acid, deep rod. Chloroform extracts syringin 
from aqueous solution 3 

For globukvnn see "Wak^for cmiamyrtin compare 155; for 
pittosporin see v Muller ; 4 for scmaderin see de Vn]. G 

Colocynthn can be obtained in yellowish crystals wlu'ch dissolve 
in coiic. sulphuric acid with the gradual production of a fine red 
colour \ Frohdo's reagent produces a cherry-rod. It is extremely 
bitter, easily soluble iu water and alcohol, but insoluble m other. 
Benzene ( 55), or better, chloroform or amylic alcohol, extracts it 
from aqueous solution ; it is precipitated by basic acetate of load 
and by tannin. 

Bryomn is also precipitated by the latter reagent. 
For onomn, which gradually assumes a cherry-red colour with 
cone, sulphuric acid, sec KQasiwetz. 7 

Ajpiin, crystallises in shining silky needles soluble in hot watoi 
or, more easily, in hot alcohol Ether does not dissolve it. 
Ferrous sulphate colours tJie aqueous solution blood-red. Both alcoholic 
and aqueous solutions gelatinise on cooling. In dilute alkalies apmi< 
dissolves with yellow colouration. 

For datiscin, which, is also coloured yellow by alkalies, HOC 
Braconnot 8 and Stenhouse Feme chloride precipitates it groon ; 

1 For n number of other glucosides and allied faubatanceH (argyiiust'iii, 
aphrodffifichij etc) discovered by Rochleder in hoibe-ohoBtmita, sou Jinun f 
pract Chem Ixxxvii. 26, 1863 (Amer. Jouin. Pharm. xxxv. 290). 

3 Foi the nearly allied ligufltnn, see Kromayer, Arohiv d Phann. c\ . 9, 
1861; for bynngopicim (easily soluble m water), ibid cix 26, 180'2. 

J N. Jahrb. f Pharm vu 1, 1857 ; xm. 281, 1860. 

* ' The Organic ConstatuentH of Plants,' Melbourne, 1878. 

Chem Centralblfltt, 92, 1869 ; Jahreab. f. Pharm 208, 1872. Soo Bluiiio, 
Amer. Jouin Phaim. xxxi. 342 

6 N. Jahrb. f. Pharm. ix. 65, 217, 1859 (Amer. Joiirn. Pharm. xxxi 2iU). 

' Ohem Centralblatt, 449, 470, 1855 

8 Annales de Obimie et de Phyuque [2], iu. 277, 1818. 

8 Annal. d. Chem. und Pharm. xcviu 166, 1856 (Journ Chem Soc fc. 
226). For helianthic acid compare Ludwig und Kromayer, Archiv d. Pharm. 
[2], xcix. 1, 1848 (Amer. Journ Pharm xxxii. 135). 
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acctato of load, yellow. Zander 1 has recently found u glucosido 
allied to datiscin in the seeds of Xanthium strumanum. .For 
physalin, which can easily "bo extracted by shaking with chloro- 
form ( 55), soo Dessoignes and Chautard; 2 for dvtcamarin, see 
Goissler. 3 The latter is soluble in acetic ether, insoluble in other, 
chloroform, bisulphide of carbon, and benzene. It is precipitated 
by tannin, and by basic acetate of load. Cone, sulphuric acid 
dissolves it with rod colouration passing to rose ; with alkalies it 
forms reddish-brown solutions. 

Hespmd'm shows a disposition to fonn sphere-crystals. It is 
sparingly soluble in wator and cold alcohol, freely in waim 
alcohol and acetic acid, but insoluble in ether. Ferric chloride 
colours it brownish-rod ,* cone, sulphuric acid gradually bright red 
(limonin the same). Acetate of lead produces no precipitate. If 
a solution in dilute potash is evaporated to drynoss, the residue is 
coloured rod, passing to violet when wormed with excess of dilute 
sulphuric acid. Hesperidin can be recognised under the microscope 
as sphscro-crystals soluble in warm alcohol 

Crocm (polychroito) forms a dark red powder sparingly soluble 
in ether and watoi, more easily in alcohol Cone sulphuric acid 
colours it blue. Dilute acids resolve il into glucose and croootin 
(insoluble in water), a saffron-like odour being developed during 
the decomposition. Basic; acetate of lead precipitates ciocin fi 

Oli/riflthizm is deposited from glacial acetic acid in spluvro- 
ci}htalhno masses ot prismatic needles After puiili<;:itiou with 
acetic acid it is almost insoluble in wutei (Ionian;.; :i jolly with it), 
but may novoitholoss bo exttuctoil (in combination with buses) 
from IKJUOI ice-root by that menstruum. It umlains mliogru, is 
sparingly soluble in absolute, moio easily in boiling 90 per cunt. 

I 'Choin. ubcr dio Hnincm von Xanthiuui hlnmuumm,' Dim Dorpal, Ifi.SO 
>J ]S T Ili-poit f. rimiin i tilO, IHJil (Auu-j Jnuni. I'hann \\v 1;J5, i:5) 
Aichiv d Ph&rm. [3], vu 281), 1875 (1'hium Jouiii and Tiaus. [3], vi 

1010). 

'Compare lloffmniin, Her. d cl. chum. CJun i\ 2. r )0, (>Hfi, 187U (.Jomn 
dlKiii Hoo x\^c 120, 421) , for auianliiii, imiiiayiu, limonin, ibid ; iKo 
Ililffm, ilud '2(t (Joinn Chum Hoc \\i\. 700). For niumgin, HO<> Aichiv d, 
Phaun [.'{], \iv 130, 1H79. Sou IL!HO Dt-hn, ZcitHclu f. ftiml. Clu'iu. n 10.!, 
iHbb; and Ticniann und Will, IUi d d chom (\cn xiv 010,1881 

Sc-c> WOIHH, Joiim f piact (Jhi-iu oi ($.', 1808; HLoddart, J'lmriu Jouiii. 
aiidTraiiH [3], vu '238, 1870 

II Compare llnbunniuin, Aiuial. d Cheiu mill Phaim oxcvu 10 r ), 1870 
(I'haim. Joiirn and Trmib ['!], \. 4.", 187H)- I labuimumi chnni>ub the 

to ubj (\wilmiu acid. 
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alcohol, and is almost insoluble in ether. Cone, sulphuric acid 
precipitates it from aqueous solution; acetate of load and chloride 
of calcium, from alcoholic. Neese's method for the qucuntitatm 
determination of glycyrrhizin is based upon the precipitation by 
sulphuric acid. 

For ganaquttlon, see Garnques j 1 for tJievetin, compare do Vrij ; a 
for chcmcelirin, soo Greene. 8 

Cydamin (Primulin) is crystalline and dissolves freely in water ; 
ihe solution froths when shaken. It is easily soluble in dilute 
alcohol also, but sparingly in absolute, and insoluble in ethor. 4 
It is said to bear a close resemblance to saponin. (Cf. $3 77 et seg., 
167) 

For gratwlin, soe Marchand c and Walz ; for paridin, Walz 7 
andDelffs. 8 

For convcdlarin and convallama/rin, see Walz The former is 
sparingly soluble in water, but imparts to it the property of 
frothing , it is freely soluble in alcohol, but insoluble in ethor. 
The latter dissolves more easily in water, is precipitated by tannin, 
and turns gradually violet when exposed to the air in contact 
with sulphuric acid Warming with hydrochloric acid colours it 
red. Convallamarin can be extracted by shaking with chloro- 
form. ( 55). 

Helkbonn and Mleborevn. The former is sparingly soluble in 
cold water, freely in alcohol and chloroform , the latter easily in 
water, more sparingly in alcohol, and insoluble in other. It can 
be extracted by shaking with chloroform ( 55). Both dissolve 

1 Cham. Centralblatt, 721, 1854 (Amer Journ Phann xxvi 511) 

2 N Jahib f Phann. xxxi 1, 1869 Compare albo Jahieub. f. I'haim. 
112, 1877 ; Bias, Amei Journ Phann. xli. 310 

3 Amer. Jouin Pharm 1 250, 1878 

4 Compare Mutechler, Annal. d Ohem und Pharm clxxxv 214, 1877 
(Year-book Pharm 145, 1878) See also Luco, Compt Rend. Ixxxvn. '297, 
1878 (Phann. Journ. and Trans [8], vii. 876, 1877) 

5 Journ de Chim m^d xxi 517 (Amer Journ Phann. xvii 281) 

Jahrb f. Pharm x 317, xiv. 70, 1852, xxi. 1, 1863, where certain other 
constituents of gratiola are also treated of (Amer Jouin Phaim. xxxi. 340). 

7 Jahib. f Pharm. iv. 3, v 284, vi. 10 ; N. Jahrb f Pharm. \m 174, 
1860. 

8 Ibid. ix. 25, 1868. 

D Ibid x. 145, 1858 (Amer. Journ Pharm xxi 677) 
10 Compare Husemann and Manm?, AnnaL d Chem. und Pharm. cxjrev r>.">, 
1865 (Phoim. Journ. and Trans [2], vii 621, 1866). 
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in oono. sulphuric acid, with immediate production of a fine red 
oolouratioa 

For digttalin and digitalem, see 155. 

Soillam, a glucosido obtained from Scilla maritima, resembles 
digitolin in physiological action. It is sparingly soluble in cold 
water, but freely in alcohol, and when boiled with dilute hydro- 
chloric acid is decomposed into sugar and a second substance, 
soluble in other. Concentrated hydrochloric acid is coloured red 
when boiled with scillam, and this is followed by the separation 
of ti greenish ilocculent deposit Concentrated sulphuric acid 
dissolves it brown, with green fluorescence, and the solution is 
coloured bluish-rod by bromine. Basic acetate of lead does not 
precipitate scillaln. 1 

fjaponin and diyitonin are likewise glucosides , they have already 
boon described in 77, 78, 79, 155, where mention has been 
made of their insolubility in absolute alcohol. My object in 
referring to them again hero, is to draw attention to the resem- 
blaiico thoy bear, in many respects (frothing of the solution, etc ), 
to the preceding glucositlos (cyclamin, etc ). The following sub- 
H tan cos tiro U!HO allied to sapomn 

Reueyni winch, however, is possibly identical with saponin 
was loiiml by Christophholm 2 to differ fiom that body only in 
[he iii] ndily with which the violot colouration was pi educed by 
hulphuiiu acid. IL cuu l>o i-bliiuated by the methods detailed 

in S ~^' 

CliiiHlophHohn nlh( proved thut both suponm and senegm aro 
iwcoittpiunwl in Lho ilru^yuslding tliom by another substance that 
luut a much nior powerful acLioiion tho lioait than eitlioi of those 
principle* thoTUHolvoa This other substance remains in solution 
uflor Hopunition of Lho Haponin by baryta-water, but could not be 
obt.unoil in Rtnto of pmity. 

AMnnlhin., lound by Gi-oonish 3 in tho seeds of Nigella satna, 
IK nut, j.i-ocipitatod l.y other from alcoholic solution. It lesembles 

Huixnim in liouiR frooly lul)1 in wu ' lk S l 31lit) l3Ut may 
lihtiiiRiuidiocl by lUJ Hhght solubility m water, and in the ease 

(!,,. .Innm-rHU-.H, Aicl.n f utp. Tathol und HuunmcciL M 22,1879 
(Ann i .1 oui 11 I'Uaiin. hi 1>1) 

l.-i l).it Natinf. 210, 1870 ; 91, 1881. Huum 
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with which it splits up into sugar and melanthigonin when boiled 
with a dilute acid. 

The so-called smilacin was also formerly regarded as allied to 
saponin, but the researches of Fluckiger 1 have shown that under 
this designation a mixture of substances has been described, the 
principal constituent of which was named pardhn. This body 
stands in close relation to sapogomn, the decomposition-product 
of saponin ; and as the latter is contained in sarsaparilla, 2 it is 
probable that panllin is produced from it during the life of the 
plant According to Fluckiger, panllin is not soluble in cold water 
to any appreciable extent, but dissolves in 20 parts of boiling. It 
is taken up by spirit of sp. gr. 0-83 more easily than by stronger 
or weaker alcohol 3 Its reaction with cone, sulphuric acid re- 
sembles that of saponin. Boiled with 10 per cent, sulphuric acid 
it decomposes into sugar and pangomn, with production of a 
green fluorescence. A similar fluorescence is also observed when 
hydrochloric acid gas acts upon a solution in a mixture of chloro- 
form and alcohol. 

Sa/pogemn resembles parillin in most of its properties "Roch- 
leder is of opinion that it still retains a little sugar, and is there- 
fore really the result of an incomplete decomposition of saponin. 
The violet colouration gradually produced when sapogonm is 
<lissolved in cone, sulphuric acid servos to distinguish the body 
from digUoresin, which, according to Schmiedoberg, yields a yellow 
solution. (See 155) 

Indican may also be mentioned hero, as, although it is not a 
substance that can be unconditionally ranked as a glucosido, it 
may nevertheless be compared with them aa regards its constitu- 
tion. By the decomposition of indican indigo-blue is produced, 
together with a kind of sugar called indiglucin. I leave it, how- 
ever, an open question whether the formation of indigo-blue is 
preceded by that of indigo-white, which, it is true, readily yields 
that substance by absorption of oxygen, Indican appears to 
occur in many plants (leaves, etc.), but to undergo a partial 
decomposition when they are slowly dried, and the black or blue 

1 Compare Muckiger and Hanbury, ' Pharmaoographia, 1 646. 

3 Otten, ' Histiol Untera. der Saraapanllen,' Bias. Dorpat, 1876. Otlon 
estimated the eaponon by the methods given in 78. 

3 Aichiv d. Pharm, [3], x. 636, 1877 (Pharm. Journ. and Trans. [8], viii. 
488). 
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colouration of the loaves produced thereby would arouse a sus- 
Vioion of its presence. Cold spirit extracts indican ; the solution is 
host evaporated in a current of dry air at the ordinary temperature. 
Foreign bodies may be removed from the aqueous solution by 
shaking it with freshly precipitated hydrate of copper, but the 
copper that simultaneously passes into solution must be subse- 
q uontly rom ovocl by sulphuretted hydrogen The aqueous solution 
rmiHt also bo evaporated at the ordinary temperature, the residua 
<liHHolvod in cold alcohol, and the indican precipitated by ether. 
Dilute acids decompose this unstable body, as above described, 
with production of indigo-blua 

Tho latter ia characterized by its insolubility in water, alcohol, 
find other and solubility in carbolic and fuming sulphuric acids. 
It con bo sublimed, and yields indigo-white (soluble in water) 
whon boilod with glucose and an alkali. Advantage might be 
taken of the latter property testing for indican in dried vegetable 
substances. Tho residue of the material after exhaustion with 
water might bo boiled with an alkali and glucose ; from the 
solution thus obtained the indigo-blue would be again precipi- 
tated by passing a current of air through it. 

SIGH The following Mttei })nnciples have not as yet been shown 
to lo glueoHidofi ; but they avo likewise spatingly wlulle inethci, 
1IKHI' freely in, ttkaJuil Anlwnin?- aristolochia-bittcr,- ralcndulm* 
(tfolulmm'H wil,h wntoi ), call fin mn,* (appears to be a mixtme of alka- 
loids, of winch lotunn, which is sti ongly fluorescent in acid solution, 
in OHpocially intoiofltinp,), carcym, 1 "' uatcBrjm? cuspnnn 1 (coloured 
groon by nitric acid, iod by morcurous nitrate); quinoi in 8 (quin- 
ovio acid, obtained by boiling quinovm or quin ova-bitter with 
ucidfl, is Raid to roRomblo cliolic acid in gradually turning red with 

1 Son do Vrij and Lmlwig, ZoilRchi d. oontuu Apoth. Vei 92, IS 68 (Amei. 
.Idiini Tliaini \xxv 474) 

1J Hou Wn.1/., Jnlirb. f I'harm \\vi 73 Gmclm'h ' Oigamc Cheniistiy.' 
1 Sco HtolUo, Bor. Jdhil). f Phaim 1820. 

I Son MoUonlioiiiKT, N. Jahrb f. Pharm i 311, 1870. He-sqe, Ber. d. d. 
them (Ji-H \i. 1B42, 1B78 (Joiun Ohom Soc \xxvi 73). 

Kco CJavontiiii, Vu-itoljalircHRchr f pioct Pharm. x 422, 1861 (Amer. 
.liiiun Thnrm. x\\i !iUl). 

II Scw> Ijt'roy, ilourii do Chini mc5d xvii 3 

- KCM Hftliulin, ibid ix 388 (Ainoi Journ Phaim v. 346) 
H (Jonipaiu (linolin, ' Handbook of Orgamo Chemifltry." Staeder's method of 
<-Htiniating quinovic ftcid in certain cinchona barks (N Tijd-ichr. voor de 
Phorm. in Nodorl. 152, 1878) wan pronounced unsatiafactory by de Vnj (ibid. 

you). 
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sulphuric acid and sugar) ; cnicin 1 (is said to dissolve green in cone. 
hydrochloric, red in sulphuric acid. It can bo extracted by shaking 
with benzene ( 55), but is partially precipitated from aquoortK 
solution by basic acetate of lead) , germiin? laducin and its lUlioa, 3 
llnin* lupinin, 5 mudann* olivil,'' quertin* (very slightly soluble in 
absolute alcohol) , sparattospermin. 

169. Aloins There is another group of non-gluconidal bi'Uor 
principles to which I should hko to direct attention ; viz., that of 
the aloins a series of closely allied but not identical chemical in- 
dividua. All the members of the group are soluble in water mill 
alcohol, sparingly only in ether ; but it must bo observed that tho 
separate aloms show notable differences in their behaviour to wator. 
That obtained from Natal aloes is the moat difficultly solubles 
whilst the aloin of Cape aloes, which is possibly isomoric with 
nataloin, is comparatively freely dissolved. 10 

All the aloins can be obtained in yellow crystals, but show u 
great disposition to form supersaturated aqueous Holutionn in 
which, perhaps, they exist in an amorphous stale and free from 
water of crystallization. !From such solutions the aloin can IHJ 



1 See NativeUe, Journ de China m<?cl -txi 69, and Scnbci, CoinptoH 
xv. 802. See also my article on the detection of foreign hitlers m broj in Iln- 
Archiv d. Pharm, [3], iv 293, 1874; also 'Knbicki, '13uitr. snir TCrnriUcl 
fremder Bitterstoffe im Biere,' DIBS Dorpat, 1874 (Phann. Jomn. and Tnvnt 
[3], v. 566, 1876), and Jundzill, 'ITober dio Ermiltol. omiyor HitLcvHtollc im 
Biere,' DIBS. Doipat, 1873. 

3 See MuUer, Arohiv d Pharm. [1], xxn 29,1828 

3 Compare Ludwig and Kromayer, Aichiv <\. Phann. cxi, 1, ISGii ; ulno 
Kromayer, ' Bitteratoffe ' 

4 See Schroeder, N. Eepert. f. Pharm \, 11, 1801. 

"Compare Landerer, ibid i 446, 1854 ThJH lupiniii imiHl not bo con- 
founded with the glucobide of the same namo dinoovorod by Hohul/o iiuil 
Barbieri in 1878. Compare Ber d d chem Ges. \i 2200 (Joiirn. CJhciu. Hoc. 
sxi.\i 467). 

6 Compare Duncan, Phil. Mag x 466 

7 Compare PeUetier, Annal de Chim. et de Physique, in. 105 ; and Hobwro, 
N. Jahrb f Pharm, in 286, 1856. 

8 See Gerber, Aichiv d. Phann. scxxiv. 167, 1831. 

8 See Peckolt, Zeitsohr d allgemeinen oester. Apolh Vor. 133, 1H7R 
(Pharm Journ and Trana [3], ix. 162, 1878). 

10 According to Treumann's researches (' Beitr z. KenntniHS dn Aloo,' DIHH. 
Dorpat, 1880) the following are the formulae of tho variouH aloine (oonLftinnif- 
water of crystallization) calculated to the same number of atoms of oxygon 
Barbadoes alom=C H B8 0, OJ 6H 2 0; Cape aloin - C 46 H BH O ao , 611,0; Rooolro, 
. ^r 4B ? 83020 ' 6Ha ; ^^^^-O^HBoOjo; Zanzibar aloin =0 JB H D0 O au , 
6-TH.sO, Curacao aloin ~0^ B0 M , 6B^O. See also Fluokigor, Schwoi^. 
Wochenschr. f. Phann. 331, 1870 ; Pharm. Journ. and Trans. [3], u. 193, 1871. 
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gradually obtained by diffusion, but it is often long before they 
deposit crystals (most easily obtained from Natal aloes). Ferric 
chloride colours them, "without exception, greenish-black (Natal 
aloin very slowly) ; they are all gradually precipitated by basic 
acetate of lead ; perchloride of platinum colours Barbadoee and 
Curasao aloin by degrees red to violet, Socotra and Cape aloin 
greenish-brown, Nalal aloin yellowish-brown , chloride of gold pro- 
duces a more or less fine raspberry-red, passing generally into violet; 
with strong hydrochloric acid, Natal aloin alone becomes violet; 
mercurous nitrate colours Barbadoes and Curacjao aloin reddish. 
All the aloins are precipitated from aqueous solution by bromine- 
water, in the form of sparingly soluble brominated compounds, 
which contain frequently, but not invariably, 40 to 44 per cent of 
bromine. The opinion expressed in my c Chemische Werthbestim- 
mung staxkwirkender Droguen,' that these bromine-precipitates 
might be used in determining the value of the different varieties of 
aloes, was based upon some experiments of KondracM's, 1 but since 
Treumann has shown that one and the same aloin can yield more 
than one substitution-product, I have been shaken in this opinion. 
The applicability of another method of estimating the value of an 
aloes by ascertaining how much tannin is necessary to pi capitate 
and icdissolvc ono of the constituents, has ul^o been lendeied 
doubtful I AVUS convinced that this body precipitaUe b} taimui 
was a (locomposition-pioduct of aloin, ui possibly an aiuiiiphnus 
modification, and that it acted dnectly as a purgative , Kondiatki's 
experiments confhmed this supposition by shoeing that the muie 
active an aloes was, tho greater wa-, the amount of tannm .solu- 
tion required in titrating. But as moie recent expenmenta have 
proved that tho aloins them&elves when taken in sufficient quantity 
havo a purgative action (whether direct or indirect, I am unable 
to say), and the attempts to compare the amount of aloin in an 
Joes with that of the substance piecipitated by tannin have not 
mot with success, I feel myself compelled to letiact for the pit-sent 
the statements made in my ' Werthbestinimung ' on this subject 

Tho aloin is accompanied in aloes by a lesmous substance which 
docs not dissolve when the aloes is treated with about 10 parts of 
watei but which is soluble in concentrated aqueous aloin-solution*, 
,n hot watei, and in alcohol Another body, probably non-pin - 
gutave, also occurs in dried aloe-juice ; it is fieely soluble in cold 
i Beitr. z. Kenntmsa der Aloe, DIBS. Dorpat, 1874. 
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water, and is possibly an oxyaloin Bromine does not appear to 
precipitate it from aqueous solutions. 

170. CartJiamin, etc. Some substances, more freely soluble in 
alcohol than in ether, and characterized by their yellow colour, 
have been already mentioned in 152, in connection with 
giiffrcitrvn (nitm, rdbinin, luteolin, etc.), and whilst rof erring to thorn 
here, I will also allude to caiihamin, tho colouring inuUor of 
safflower. 1 It has been obtained in the form of on amorphous 
powder, of an orange-green colour and metallic lustra It is 
sparingly dissolved by water, but easily by aqueous alkalies mid 
alcohol , from alkaline solution it is precipitated by acidrt. It 
dissolves in ether, and stains silk rose- or cherry-rod. 

ALKALOim 

171. Colour-reactions. The following reagents may bo rooom- 
mended for producing colour-reactions with alkaloid H : Puro 
sulphuric acid ; sulphuric acid, containing a little nitric ncid (1 in 
200), sulphuric acid, containing 001 gram of molybdato of soda 
in eachcc. (Frohde's reagent) , sulphuric acid and sugav , sulphuric 
acid and bichromate of potash; nitric acid (sp. gr. 1'3) , cone, 
hydrochloric acid, feme chloride The reactions aro best ob- 
served when a few drops of a solution (in alcohol, othor, chloro- 
form, etc.) are allowed to evaporate in a small diHh and u drop 
or two of the reagent added to the residue. In testing wiUi snl- 
phuric acid and sugar, it is generally bettor, to mix tho alkaloid as 
intimately as possible with 5 parts of sugar and add tho hiilpluu ic 
acid to the mixture Delphmoidme should bo mixed wil.li UK con- 
centrated a solution of sugar as possible before tho addition oi sul- 
phuric acid If bichromate of potash and sulphuric ac.id urn to 1m 
used in combination, it is advisable to dissolve the alkaloid in the, 
acid and drop a crystal of bichromate into the solution. Hnl] >hui ic 
acid and nitrate of potash may be employed in tho wuno w:iy in 
place of the mixed sulphuric and nitnc acids. Forno rhlondo 
should be used in aqueous solution, and be as neutral UK possible '* 

Some of these reactions might bo used in testing for alkaloids 
microchemically The following table contains a fow of tho re- 
actions of the more important alkaloids. 

1 Compare Schliepei, Annnlen cler Chemie und Phann. Iviii. 357, 181(1. 
3 All these reactions are descubed at gieater length m my ' HiimUul. d 
Gifte ' 
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172, 173. SUBLIMATION, ETC. 

172. Oth&r Tests For information concerning optica, 
alkaloids, seo Buignot. 1 Upon polarization (185), in pa 
soo Hosso. 2 For the absorption spectra observable in 
actions of alkaloids, aoo Meyer 8 and Poehl. 4 

The temperature at which alkaloids sublime has been deter- 
mined by Armfttrong, in an apparatus similar to that described in 
8 17 for aflcortaming tho melting-point of fats. The alkaloid is 
placed on a covorshp, to which a glass ring $ to inch high is 
cemented, and on which a second coverslip is laid. As soon as a 
cloud is observed on tho latter, tho temperature is noted. The 
sublimate is subsequently examined microscopically as to its 
crystalline or amorphous character. Mercury or easily fusible 
alloys may bo used to heat tho alkaloid. For the appearances 
observable during tho miwosubhmation of alkaloids, seo Helwig, 
Guy, Waddington, and others. 5 

The crystalline form of alkaloids has been closely investigated by 
Erhard. 

^ 173 Platinum and Gold-salts Tho following list contains tho 
percentage of platinum and gold in tho double chlorides of those 
metals with some of tho more important alkaloids (dried at 
100"). 
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1 Jouni. do I'hiuiu ot do Chun. \_<\\, ^\ '2.~>2, 181/2 (Amci .Imim I'haim 
\\iv HO). 

'"Annul (1 Ohi'iii nnil 1'lmnn cl\\vi H<), IS/fi (rimiiu Jornn and Tmns 
JH], vh 191), and oxen 101, 187H Him ulxo Oudi'inaiiH, ibid cl\\\ii aii, 
1H77 (Yufti-l)ook 1'hmin 7H, 1H7K) , Au-h Ni-i-il.uul (!OH HUOIIOOH exocLun ot 
jjiitui'flli-s, \ T):{, IK7fi ; and iun(ni{,mi oldci woiks that in inirticuUi of 
llmiclmiilnl, Annnli-H do Ohimio ot do rhyHiqui- [:$1, i\ 213 B" ! roolil'w 
l>n])i-v Hul>Hu|uonlly (]uotod 

J Aiclnv d I'hium. |3], \m 41 S, 187R 

1 Vlmini /uitHcln f liiiHHland, af>:$, 187(5 

Goin])iuc Jli-lwijj, '])OH Miknmkoj) in clui Toxioologio,' Mftin/ ; Guy, 
IMuirm Jinnn and Tiann. L'2], vm 718; i\ ll), 58, oto. ; Wiuhhiiglon, ilnd. 
1'2|, i\ 2()li, 409, SUxldatt, ilml. 17H , J?iaily, ibid. '231, Kllwuod, ibid. L-L 
\ ir)'2; [jcd^i'WU'k, Brit lluv l\\\i '2(i'2 

11 N Jahili f rhium xxv 1'29, otc. ; x\vi J), utc,18C AmongHt tho 
nlili'i woikh aiv Jlulmufold'H ' Ghumw dur llechtHiiHoyo, 1 Berlin, 1823; 
Amk'iHon, (ihtni Contrail ilatt, 501, 1848, Tayloi, 'On I'DIHOIIH ,' Guy, 
' Pimcipkw of ForonHic jVludiomo ,' ]Jiaud ot Glwu(l( { , 'Mi ! dc-cino Wgnlo,' 

1'ftUH, I.'l8. 
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Quimdine 


40-04 




27'38 


Quinine 


40 00 
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Strychnine 


29-15 




18-lfl 


Thebame 







18-71 


Theobromine 







25 55 


Veratrine 


21 01 








174 Estimation of Alkaloids. In estimating tlio alkaloid in 
leaves or easily pulvorizable stalks, it will frequently bo found 
practicable to exhaust the powdered substance with Hpmt, 
evaporate the tincture, and extract the residue with acidulated 
water. The solution thus obtained may then ho titrated with 
potassio-mercuric iodide, as directed in 65. Jhit if the inn tonal 
contains much starch, or is difficult to powder (an, for instance, 
aconite root), it is better to allow it to soak in about tvvieo its 
weight of dilute sulphuric acid (1 in 30) before extracting with 
alcohol, as, otherwise, larger fragments of the substance are not 
uniformly penetrated by the spirit. 

In estimating atropine, the drop-test (that is, the addition of a 
drop of the precipitating solution to a filtered drop of tlio liquid 
to be piecipitated) cannot be used. It will bo found advanta- 
geous to add at once sufficient of the reagent to precipitate tlio 
greater part of the alkaloid , after standing several hours, until 
the supernatant liquid has become clear, more of tlio reagent may 
be added, and so on as long as a precipitate is produced. The 
liquid clears more rapidly as the end is approached, till at last an 
interval of five to ten minutes is sufficient. 

-Atropine may also be estimated gravimotrically by adding 
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excess of potassio-mercuric iodide, dissolving the precipitate in 
alcohol of 90 to 95 per cent., evaporating the filtered solution, and 
weighing tho residue, which contains 40 9 per cent, of atropine. 

For hyoscyamiiie the same precautions are necessary as for 
atropino. 1 

In estimating coniine gravimetrioally with potassio-morWic 
iodide, I obtained results that were far .below the truth ; the 
compound precipitated is somewhat freely soluble. (See also 
17/1, 180.) 

Nux Vomica and St. Ignatius' beans contain two alkaloids, 
atryclmino and brucino, which differ in tho intensity, at least, of 
their action on animals, and this fact must not be lost sight of in 
determining the value of those drugs by titration with potassi9- 
morcuric iodide. I have therefore proposed the following indirect 
method of determining both alkaloids a 

15 to 30 grams of tho finely rasped seeds are exhausted by boil- 
ing throe times in succession with dilute sulphuric acid (1 in 50), 
pressing the residue each timo. Tho decoctions are united (about 
700 cc ), noarly (but not quite) neutralized with magnesia and 
evaporated to a Hyrup in tho water-bath. To the residue 2 '4 
times its volume of 90 per cent, spirit is added, and after 
.standing, tho precipitated mucilage is lillorod off and washed. 
Tho lillrato and washings aiu evaporated to about .'JO to 1)0 cc. 
and, whilst st,ill acid, well shaken with clilwotonn. The chloro- 
form is them sop.irated, tho aqueous liquid nuulo alkaline with 
ammonia, ami tho agitation with chloiolorm i < 'ported an long iis 
any alkaloid is removed Tho alksiloulal H'siduo obtained by 
evaporating the rhlorolonnic solution is dried, weighed and dis- 
solved in liydrochlonc acid, thu evu'ss of acid is removed by eva- 
poration, and tho solution titrated with poUssio-moi curie iodide 
Tho weight of Htrychnmo can bo oalouhitod from tho expression 
. -. r )r)0(5 (0 0197 x fi-w) and that ol 1>iuciiio from //--6r>(5(> 
(in () 01 o7 x c), whom c is Lho number of cc of readout used and 
tn tho w oight of tho mixed alkidoidw R is still bettor to weigh 
tho h^drochloratf's ot tho alkaloids and c-ulculatc the strychnine 
salt horn the expression x-01733 (0 0^1 52 x fi-in), and the 

1 C'nuii>.uu my ' Wi-rUiliuHtmiumn^,' :J2, and Thoioy <m thu ' DiHlribntion of 
Nitritiriiii in bliuik iind whiiu hi'iiluuio,' Dins Doipat, hSGl), mid Phann 
/i-iUihi. f llnsHlanil, '20fi, :W, 180C (Phaim. Jomn anil Tt.un pH, MI 71) 

J Hoo my 'WuriihbuHtmunung,' OJ. Coniuiuu aluo JL'haim. Zuitnchr f RIIHH- 
lancl, ^3'3, 1806. 
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brucino salt from # = 7 -1733 (m - 6-01 852 xc), c being tho same 
as in the previous expressions and rti 'denoting tho weight of tho 
mixed hydroclilorates. ' 

Titration of mmyhine and narcotine witfi potassio-morounc iodide 
servos only as a check on tho weight of the alkaloids after 
isolation ( 182, 187). Tho total alkaloid in opium cannot bo 
estimated volumotrically with that reagent 

For a method of examining cMidomum compare G5 and my 
' Worthbestimmuug,' p. 98 

The presence in cevadUla seeds of throe alkaloids, all of which 
act upon potassio-mercunc iodido, renders it impossible to do moro 
with this reagent than compare tho extracts of two or moro 
different samples of seeds with one another. 1 If an approximate 
separation of the three alkaloids is desired, it must bo remembered 
that, according to tho investigations of Woigolin, 2 all throe are re- 
moved together by shaking with chloroform, that sabadillino iw 
almost insoluble in other, but is dissolved by 150 parts of water at 
the ordinary temperature ; that sabatimo is freely soluble in other 
and soluble in 40 parts of cold water; and finally that vcratnno w 
said to bo taken up by 10 parts of ether and 1,000 ot cold watci 

The researches of Harnack and Witkowski have proved-' 1 
that "the calabai lean also contains two alkaloids (calabanno and 
physostigmine), differing from one another in physiological action. 
For this reason the estimation of the total alkaloid by titiatioii 
with potassio-morcuric iodido has only a limited value, but Lhe 
alkaloids might possibly be separated, and estimated gravimetn- 
cally, as the calabarine precipitate is insoluble in alcohol whilst that 
produced by physostigmino is soluble. 

175 Coniinp, pilocaipme, etc. Zmoffsky has shown that 
conune can bo accurately estimated by phosphomolybdic ucid in 
solutions free from ammomacal salts * The strength of tho 
reagent was such that 1 cc precipitated 05 gram of coniinu 

1 Compare E Musing, Arohiv d Pharm [3], ix 310, 1876 (Jonrn Chora. 
Soc xxxii 367) 

2 Compare Weigelm, 'Untera uber die Alkaloido der SabodillHaincn,' DIBS. 
Dorpat, 1871 (Journ. Ohem Soc xxv 82S) Seo also PGA Mnsingi 
'Beitr. z genohtl chem Nachw. des Strychnine n. Veratrmn,' DIHH Dorpj,l, 
1868. 

* Compare ArcMv f exper. Patholog mad Pharmacol, v. 401, 1876 (Pbarin. 
Journ and Trnns [3], vni. 3) 

4 ' Die quant Beat, d Einetms, Aconifcmg und Nicotint,,' Dibb Dor^iat, 
1872 (Phann Jouin. and Trans [3], iv 442) 
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The same reagent has been employed by Poehl 1 for the 
gravimetric estimation of pilocarpine, but that chemist admits that 
the results obtained are only approximate By his method 10 
grains of jaborandi leaves are extracted frith 100 cc. of water 
containing 1 per cent of hydrochloric acid; the infusion is 
precipitated with acetate of lead, the excess of which is removed 
by hydrochloric acid, and then, after filtration, phosphomolybdic 
acid is added. The precipitate is collected, washed with water 
containing a little hydrochloric acid, dried at 100", and weighed. 
It is said to contain 45 66 per cent, of pilocarpine. 

In estimating the alkaloid in solutions of the pure substance, 
phosphomolybdic acid would probably in many cases yield better 
results than potassio-mercuric iodide , but there is a certain danger 
attending its use, and that is the possibility in many cases of 
ammonia and amidic compounds being precipitated with and 
calculated as alkaloid. Of pilocarpine in particular it must be 
observed that, according to Christensen, the composition of the 
phosphomolybdic acid precipitate, as given by Poehl, requires 
revision. 

Phosphomolyldale of quinine (diied below 70) contains, according 
to Proscott, 27-3 per cent of quinine. 

For cases in winch pliosplwtu ngstic acid may be employed see 

177. 

Attempts have albO been made to estimate alktiloiiK by means 
of tanmc acid, 2 by either drying the precipitate pioduced in 
liberating the alkaloid from it ^nth oxide of lead 01 other base, 
drying and weighing My objection to the former of the^e 
two methods is that the tannate& of the alkaloids aie scaicely 
ever constant in their composition The latter might be adopted m 
coitain cases provided that the piecipitated tamiate is sufficiently 
hpinngly soluble, and that the alkaloid itself is not attacked, 
as curarine is, by the oxide of lead used to decompose its tannate 



i 'Untem. d. Blatter des Pilocarpua officmaW St Petersburg 1877 (Tear 
book of Phann. 28, 141, 1881) See al>o Harnack and Meyer ^nal d 
Chcm wndPham cciv 67, 1880 (Phann Journ. and Trans [3} ^1, * 
608) Schn.tensen.Phaxm Zertschx f Inland, xx 1 SSI (Phann Jouin 



,. de Phann et d. Ch, K IK 

241, S (l>hRnn J,,mn and Trans [3], n 1029 , m 63) See oU, mj 
y,' 40. 
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Eager 1 and Hielbig 2 have both, experimented on the estimation 
of certain alkaloids by precipitation -with pia ic acid, I have no 
doubt that in many cases very satisfactory results might bo 
obtained by combining precipitation by picric acid with extraction 
by agitation with solvents, and in this opinion I have recently 
been confirmed by experiments published by Hager ou the 
quantitative determination of nicotine. Hagor recommends 
precipitation with picric acid at a temperature of 15, washing 
with an aqueous solution of the precipitant, and finally drying at 
a temperature not exceeding 40 to CO". Ho found the nicotine 
precipitate to contain 27 per cent, of alkaloid. 

176. Estimation of Onff&vne I may supplement the method 
given in 66 for the estimation of this alkaloid by the following 
remarks : Ether 8 extracts the alkaloid in a state of greater 
purity than chloroform, and yields therefore a corrOHpondingly 
better result , but the mass must bo very finely powdered, and 
the treatment with ether repeated several times to bo certain 
of dissolving the whole of the caffeine. I have also used a mixture 
of 3 parts of ether with 1 of chloroform with success. 

In estimating the alkaloid in guamna, it is not udvjwiblo to 
extract with acidified water, nor is it nccos&avy in determining the 
theine in tea. 

Lieventhal 4 extracted the powdered tea diroc.tly with 
chloroform, by which, however, far less than the total quantity of 
theme was dissolved. I must make the same objoclioii to Claus'n 
method, 6 which consisted in extracting with cLhor, shaking the 
ethereal extiact with dilute sulphuric acid, neulrali/ing Lho 
aqueous solution with magnesia, evaporating to drym-.sH, in id 
again extracting with ether. Moreover, it would lie dillioulL to 
remove the whole of the theine from ethereal solution liy linking 
with acidified water 



i8 137> U 

3 Loc cit. 

^^Ti m !, e6tl S fttio > Fharm. Zeitscbr f Inland, 711, 

SE^Sr defl *~ untl KU ^ 1 w 

j Phann. ZmtBchr. f. Upland, 380, 1872 (Year-book of I'harm. 23f), 
Pharm Zmtschr f Ruasland, 857, 565, 1862 
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177. Theobromine. Trojanowsky found that the theobromine 
in cacao-seeds might be estimated by the following process l ; 
5 grams of the powdered seed are freed from fat by treatment 
with petroleum spirit, dried, rubbed down with powdered glass 
and water to a thin paste, mixed with an equal weight of calcined 
magnesia, and dried in the water-bath at 60 to 70 C. The residue 
is again finely powdered, and exhausted by boiling with 80 per 
cent spirit The decoctions are filtered whilst hot, and evaporated 
to dryness in a beaker. From the dry extract petroleum spirit 
will dissolve a little more fat ; after having been again dried, the 
mass is thrown on to a tared filter, and washed with cold spirit 
till nearly colourless. It is then dned and weighed, and to the 
weight of theobromine thus obtained 0007 gram added for 
every cc. of wash-spirit 2 

"Wolfram estimates theobromine in cacao-seeds by precipitating 
with phpsphotungstic acid 3 ( 64), and subsequently separating 

<3hem xv. 474, 1876 (Year-book of Pharm 20, 1876) ; Markownikoff, ibid. 
jcvL 127, 1877 (Tear-book of Pharm 104, 1877) ; Cazeneuve and Caillol, 
ibid xvu. 221, 1878. The latter replace the magnesia in the above method 
with lime, and the ether with chloroform ; Markownikoff jL,o uses chloroform. 
In working upon coffee-beans it will be found %ery difficult to reduce them to 
the fine powder necetsary to ensure the success of the estimation This may 
be be&t accomplibhed otter the bean-, have been thoiouyhl> dried at 10 C ; 
Weyiich, however, ha-, bhown that the amount of citfune c..ntunl in a 
aample of coffee ib no ciittiion of its qualitj, and even the t-tiiiuti..n -f the 
ash, pofctah and phusphoiic add in addition to that ,,f the catfe.n, d-^ not 
furnihh datafiee fiom objection Lev^ie estimated lAiclm d Phuiui M u 
298 1876, Journ Chem Soc. XXM 7S2) fat, muuli^, tainim and cellular, 
but' with unsatibfactoiy results The cl^teiunnition, ,,f tt.t theme, -uUUnces 
soluble in watei, a.h, etc , m tea, made by Wejiich, Jmel the po s ,iUlity of 
detecting adulterationb, but not of judging of the qualm 

i 'Beftr zur pharmacog und chem Kenntaw d Cacao N Di*. Dorpat, 
1875 Thia work also contain, estimations of the othei moie important con- 
stituentB of cacao (fat, nth, btaich, etc ) m various sample, 

According to determination, made at my n* L ue*t bj Tieumann the, .bromine 
^sdves in 148 5 parteof watei at 10U J , and m 1,600 at li" , m 22 d , ^ , of 

i 






f. pract. Chem L\x\. 211, 1866. 
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the alkaloid from the precipitate Ten grams of the substance 
are rubbed down with water to a fine paste, then exhausted by 
boiling with the same menstruum, filtered and wanned with 
boiling water (700 to 800 cc.), as long as alkaloid can bo detected 
in the washings. The mixed aqueous solutions are precipitated 
with ammoniacol acetate of load and filtered. The filtrate is mado 
alkaline with caustic soda, evaporated to CO cc., acidified with 
sulphuric acid, and again filtered From the acid solution, which 
should contain about 6 per cent of free sulphuric acid, the thoo- 
bromine may be precipitated by warming with phosphomolybdic 
acid. The precipitate is collected when cool, washed with water 
acidified with sulphuric acid, and decomposed by wanning with 
caustic baryta } the excess of the latter is removed by sulphuric acid 
and the sulphuric acid by carbonate of barium. The mixture is 
then filtered whilst hot, evaporated to drynoss, and weighed. By 
deducting the ash the amount of pure theobromino is found 

178. Estimation of Pipmne Tho following is Cozoncuvo 
and Oaillot's method l 10 grams of finely-ground popper uvo 
mixed with 20 of slaked lime, and enough water to form a tlnu 
paste, boiled for fifteen minutes, and then evaporated to drynesR 
on a water-bath , the residue is finely powdered and exhausted with 
ether. The pipeiino obtained by evaporating the ethereal solution 
is recrystalkzed from alcohol and weighed. It would, I think, bo 
better if the powdered pepper were first freed from fat by tioat- 
ment with petroleum spirit. Possibly the alkaloid might tlion bo 
purified by washing with petroleum spirit and watoi inntesul of 
recrystallkmg from alcohol. (Compare also t$ 64 ) 

179. Addimetnc Estimation of Nicotine. Schlocssing's pioccsa, 
mentioned in 68, consists in extracting the nicotine by passing 
the vapour of ether and ammonia through the tobacco, condensing 
the distillate, allowing the ether and ammonia to evaporate, and 
titrating the residual nicotine with dilute sulphuric acid. But 
the alkaloid retains ammonia, and the amount found is conse- 
quently too high. (Compare Kosutany and my ' Worthbostnn- 
mung.') 

Wittstein, Brandl, and Liecke, all extract the tobacco with 
water acidified with sulphuric acid Liecke evaporates to a 
syrup, precipitates with 2 volumes of alcohol, washes, and again 
evaporates The residue is made alkaline with excess of potash, 

1 Zeitechr f anal Chem xvn 370, 1878 (Year-book of Phaim 42, 1878). 
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and distilled (finally at a temperature of 260) into a measured 
quantity of volumetric sulphuric acid, the excess of which is then 
determined by solution of soda. Wittstem and Brandl distal the 
acid extract direct with caustic potash, and note the amount of 
sulphuric acid necessary to neutralize the distillate. They then 
evaporate to dryness, extract with alcohol, which dissolves the 
sulphate of nicotine, and determine the sulphuric acid in the 
insoluble portion. This is then deducted from the quantity used, 
and from the difference the nicotine present is calculated. 

Kosutany treats the loaves, previously soaked in water, with 
milk of limo until free from ammonia, then extracts with water 
and shakos the filtered solution with petroleum spirit. From the 
latter, after separation, the alkaloid is removed by agitating with 
a known quantity of volumetric sulphuric acid, the excess of 
which is determined by baryta water. (Compare my ' Werthbe- 
stimmung,' p. 55,) 

180. Coniine. Similar methods have also been proposed for 
the estimation of comine. I have already expressed my opinion 
of them in my ' Wcrthbesthnmuug,' p. 42, where I have at the 
same time pointed out that those processes which involve the 
evaporation of a solution of chloride of conimc, anrl determination 
of thu alkaloid from the amount of chlorine in the residue, 1 are 
oi)H to ol)]cctioH on tho ground that chloride of coniino is ea&ily 
volatilized (8$ 171, G r >). 

8 1H1. tfrjiH nadon of tiio slllulouU Attention has alicady been 
drawn in ^ (5 ( J to cases of tho ocumcucc of two alkaloids 111 
vegetable substances Tho rumai ks made in that section may bo 
supplemented hero with a fow examples so taken as to include 
details of procoHHCS of more frequent applicability, and to give 
hints for the valuation of dings in general use Some such 
instances havo alroady boon donciibod m 8 174, and I propose 
following those hoio with tho discussion of a few more methods 
for tho Hoparation of only two itlLnltuds. 

Lot us first assume that tho two alkaloida to bo separated dtffei 
m ilwir behaviour to ancZ.s, as, for instance, jw vine and ret nti online, 
alkaloids that occur in Vcratrum. album, lobolianum and vnidc - 

1 Compare Hagoi, ' UntoiBuchungeii,' li. 250. 

u Soo Tolrien. ' Bcitr z Konntiuas der Veiatrum Alkaloide,' Dibs Dorpat, 
1877 (Phann Journ. and Trans. [3], vin. 808) , Bullock, Ainer. Journ. Phaim. 
xlvii. 451, and xbx. 453 ; Woimloy, ibid, xlvm 4 
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Supposing, then, both these alkaloids to have boon extracted 
together by shaking with chloroform, and to have been rodis- 
solyed in dilute (2 per cent) acetic acid, the addition of dilute 
sulphuric acid to auch a solution would cause the precipitation of 
the majority of the nervine as sparingly soluble acid sulphate 
(Simon's vegetable baryta). According to Bullock this salt, 
requires 427 parts of cold -water for solution, and the precipitate 
contains 15 -5 per cent of sulphuric acid (H a S0 4 ). The hydro- 
chloric acid precipitate (6 -55 per cent. HOI) is moro soluble; the 
most advantageous method of oil is to precipitate nitrate of jorvino 
(soluble in 1,200 parts of cold water) by adding nitrate of 
potassium to acetic acid solution Voratroidino remain?) in tho 
filtrabe, from which it can bo extracted by shaking with chloro- 
form. In a similar manner pat wine may be separated from other 
cinchona alkaloids m tho form of a sparingly soluble nitrate. 

The behaviour of two ulMoids to bases will more frequently bo 
found to present differences, of which advantage may bo taken. 
Here two cases ore to be distinguished : viz., either one alkaloid 
is precipitated, and the other left in solution ; or, both are pre- 
cipitated, but one is redissolved by an excess of the precipitant, 
whilst the other is not. As an instance of the first of these two 
cases, the separation of narcoline from mrceine may bo cited , tho 
f onner is almost completely precipitated by ammonia, whereas tho 
narceme remains in solution Moiplnne and codeine ROTVO to 
exemplify the second case, which is of more frequent occurrence, , 
excess of ammonia precipitates tho former tolerably completely , 
but the codeine remains dissolved in the filtrate, from which it 
may be extracted by shaking with benzene. On the other hand, 
an excess of lime-water causes the separation of narcotine, but 
does not precipitate morphine. But nearly tho Tihole of the 
latter alkaloid is thrown down if chloride oi ammonium bo added 
to the solution in caustic lime ( 187). 

This method of precipitation with excess of alkali ].s, however, 
unreliable in some cases, in which favourable results might have 
been anticipated. Strychnine can bo separated from an acid 
solution very satisfactorily by the addition of excess of ammonia , 
brucme under the same conditions remains m solution until tho 
greater part of the ammonia has volatilized. But if both alkaloids 
are present together, part of tho brucine will sepaiate with the 
strychnine on the addition of ammonia l 

1 See my 'Eimittclung von Giften, 1 2nd edition, 259. 
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Carbonated alkalies may occasionally be used instead of caustic. 
For the separation of some alkaloids bicarbonates have also been 
recommended, as it was found that under certain conditions one 
alkaloid would form a soluble carbonate, whilst the other was 
immediately precipitated in the free state In this way paricine can 
be separated from the other bark alkaloids by bicarbonate of soda. 
182. Behaviour to solvents Separation may be accomplished in 
this way, either by treating the dry alkaloids with the solvent, or 
by shaking it with the liquid containing the alkaloids in solution. 
An instance of the first case may be found in the separation of 
brucine and strychnine from a mixture of the two alkaloids pre- 
cipitated by ammonia. Absolute alcohol dissolves brucine with 
tolerable facility, but takes up only a minute proportion of strych- 
nine. 1 Another method, which I formerly employed for the 
separation of these two alkaloids, may also find a place here. It 
consisted in allowing the benzene solution of the mixed alkaloids 
to evaporate until the majority of the strychnine had separated, 
then quickly pouring off the mother liquor, washing with benzene, 
and evaporating to dryness ; the brucine was thus obtained, mixed 
with a little strychnine (0 0683 gr. for every cc.). I have suc- 
ceeded in separating the two alkaloids tolerably completely by 
both of these methods, but as they occasionally fail I cannot 
further recommend either of them, the first is, however, the 
more pieferable of the two 

By treatment with water col hum f may be sepaiated. fiom the 
colchiceme, which sometimes accompanies it in culchicum conns 
The quantity of solvent used must not, howeA er, be too small, as 
colchiceine is more soluble in concentiated aqueous solutions of 
colchicine than in pure v\itei, which dissolves it but veiy 
spanngly 2 

Moeus, 3 Stoetler, 4 and Hiell>ig,' J found 40 per cent spirit 
adapted for the separation of the cmchomne and 'ammpJio'ts 



i 



- Compare my ' Werthbestimmung,' 66 Even if the greater part of the 
fiee ammonia piesent be allowed to e%aporate, the complete precipitation <>f 
bmcine is a matter of difficulty ; that poition of the alkaloid that remains m 
solution mikt therefore be removed by shaking with benzene 

a See Hertel, Phaim Zeit^chr f Husband, Xos 13 to IS, 1SS1 (Fnann. 
Jouin andTran* [3], xu 408) ^ 

1 Nicmv Tijd-rfhiift \oor de Pharm in Nedeil., 322, 1869 , i, IS/0 , 101, 

* Archil d Pharm [3], \iu 243, 1878 (Train. Chem Soc xwi 281} 
'Knti-clw Benrth der Method /in Tiennung und quant B^t d China- 

alkalindb,' Di Doipat, 



192 



ALKALOIDS. 



alkaloid' of cinchona bark. The latter found 1 part, of cincho- 
nine dissolve in 1,100 parts of spirit of that strength, but, tw tlio 
solution obtained in the separation of the alkaloids is not a 
saturated one, he recommends the addition of O'OOO^ gram 
cinchonine for every cc. of such spirit used. Ho also found pure 
ether (free from water and alcohol) very suitable for tho^amo 
purpose, as it dissolves so little cinchomno that a correction IB 
scarcely necessary. The mixture of both alkaloids must l>o com- 
pletely dried in the water-bath, and then voiy carefully powdered. 
The separation of two alkaloids by moans of ether may also lio 
accomplished by allowing the ethereal solution of both to evaporate 





Fig 8. 

gradually, and, if one should separate in crystals, removing Uio 
other by slow washing with ether in the form of vapour. I5y thin 
method I succeeded with Marquis 1 in separating detyhimiu' jroiu 
delphmoidine in perfectly colourless crystals 

The flask a, containing the mixed alkaloids (Fig 8, A), WIH 
inverted in the wide-mouthed bottle, &, into which about* 10 or. 
of pure ether had been poured. The apparatus was then allowed 
to stand for several days at the ordinary temperature, during 
which ether- vapour from & was continually condensing in a, and 
dropping back into &, saturated with dolphinoidino. 

The apparatus figured in 8 B, allows of the process being, to a 
certain extent, regulated , the funnel ft, containing tho flask, can 
be raised or lowered at pleasure. 

1 Arehiv f. exper. Pathol. -and Pharmacol. vii. 56, 1877. 



183. SEPARATION BY PRECIPITATION. 193 

For the separation of morphine from narcotme by ether, see 
187. Ether and chloroform (free from alcohol) can also be 
used to separate the former from codeine and thelame. Morphine 
can be separated from thebame, codeine, and narcotine, by the 
method of agitation; the last three are removed by benzene 
from ammoniaoal solution, whilst scarcely traces of morphine are 
dissolved. 

In a similar manner delphinine and delphiwidine may be sepa- 
rated from slaphisagrme by agitation with ether, in -which the 
latter is insoluble; 1 after removing the first two, staphisagrine 
may be extracted with chloroform, 

183. Use of Salts, etc. ; Separation of Qwnvne and Oinchonidine, 
etc. 2 Instances of the use of salts in the separation of alkaloids 
may be found in the employment of tartratos for the quantitative 
estimation of quinine and cinchonidine in the presence of qnim'dine 
and cinchonine (cf. 184, I.), by means of iodide of pohissvum or 
sodium, quinidine can be separated from dnchomne and ' amorphous 
alkaloid ' (cf. 184, IV.). Wittstein recommended conversion into 
oxalates in alcoholic solution for separating strychnine and brucinej B 
qwnine may bo freed from cinchonidine by precipitation as Jiera- 
paHwk*(d 184, II). 

The separation of calalanne from phi/sostigimne l>y polassio- 
mwcunc iodide, has already boon described m 174 , Uio samo 
method might perhaps bo foaaiblo with clusJidoivine and sani/nuianne 5 

Chloride of (/old can bo used in soptualiiig 'iiniscuune from 
(vmanitme, as the double salt of the former is moio soluble in 
water tlian that of the latter 

PcrcMoride of plaUiwm was the soil used jn separating puylinc, 
from the other bark alkaloids, as the double salt of platinum with 
that alkaloid ia very sparingly soluble in wut/or By moans of tho 
some salt, ammonia may bo separated from those alkaloids and 
aimdos that yield doublo salts of greater solubility ($ 98) It 
must, however, bo borne in mind that certain alkaloids undergo 

1 Sue the papor by Marquis and myself previously quoted 

fl Oomp Mounw, loc cit , Johanaon, Aichiv d. rhorm, x. 418, 1877 ; 
Hiolbiy, loc cit 

1J ViortoljahioHHclirift f pract riiarm vin 409, 1859. 

1 Compnio IfoLipath, Thann Journ aud TianH [l]i x i 448, xn. 6, do 
Viij [aj, vi. 401 , N. Tijdbcbr. voor do Pharm 1881 ; Hielbig, loc (it 

6 Hoe my ' Choni WoitliboHlumnmig,' 102. 

6 Compare Harnack, Aichiv f. oxpor. Paihol und Phaimacol. iv. 82, 187i5. 

13 
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rapid decomposition when precipitated in combination with 
chloride of gold and platinum (e.g, curanne). 

184. Quantitative Separation of Several Alkaloids from one 
another. Such cases occur in the examination of cinchona barks. 
Although several of the many alkaloids in these barks are present 
in such minute quantities that they may generally be neglected, 
there are at least five the detection and estimation of which are 
of importance in valuing samples. These ore guimiie, cinchonidine, 
gvmidme, cmchomne, and the so-called amorphous alkaloid The 
mixed alkaloids are extracted and estimated as directed in 67. 
For their quantitative separation from one another, I propose 
using Moens' metiiod, which has been recognised by Hielbig, after 
numerous experiments, as suitable for the purpose. 1 

I The mixed alkaloids just referred to are dissolved in acetic 
acid, 9 without the application of heat, and the solution evaporated to 
dryness, care being taken that the residue does not turn brown. 
This is tfcen dissolved in the smallest possible quantity of water 
and filtered. From the solution, which should not be evaporated, 
quinine and cinchonidine are precipitated together by (about -5 
of a gram of) tartrate of ammonia and soda, which is preferable 
to the Eochelle salt usually used After standing twenty-four 
hours the precipitate is filtered off, washed, dried at 110, and 
weighed 1-6 gram of mixed alkaloids would yield about 30 cc. 
of filtrate, and require about the same quantity of wash-water. 
A correction must be made of 0-000746 gram of quinine and 
0-000441 gram of cinchonidine for each cc of filtrate and wash- 
ings, provided that both alkaloids are present together If the 
bark contains quinine alone, 000102 gram must be added for each 
cc. ; or if cinchonidme alone, 000543 gram The apparent dis- 
crepancy in these figures is caused by the influence exorcised by 
the presence of either tartrate on the solubility of tho other. 100 
parts of precipitate indicate 7941 anhydrous quinine or 76-8 
cinchonidine. 

II To separate quinine from cinchonidine the mixed tailratos 
are dissolved in 90 to 92 per cent, spirit containing 1 -6 por cent 

1 Loc. cti. 

3 Hielbig baa also experimented with hydrochloric and tartiuic aoida, but 
obtained the best results with ooetio The chlorides formed by tho hydro- 
ohlorio acid appear specially liable to cause errois when subsequently precipi- 
tating with tartrate. Whichever acid, however, be chosen, the excess must 
in Borne way be removed. 
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of sulphuric acid j the filter used in the previous operation is also 
extracted with spirit of the same strength. One part of precipi- 
tate should yield about 20 parts of solution; from this the quinine 
is best precipitated by tho reagent recommended by do V " 
which is prepared as follows: To a solution of 2 parts of biu- 
phate of quinoidine in 8 of 5 per cent, aqueous sulphuric acid, 
a solution of 1 part of iodine and 2 of iodide of potassium in 100 
of water is gradually added with constant stirring. The flocculent 
precipitate thus produced is slightly warmed till it agglomerates 
into a resinous mass, which is then washed with warm water, 
dried, and dissolved with application of heat in 6 parts of 92 to 94 
per cent spirit. After cooling the liquid is filtered off and 
evaporated to drynoss, the residue redissolved in 5 parts of spirit, 
again filtered, and the filtrate used as tho reagent. During the 
precipitation of the herapathito with this reagent, the liquid must 
be vigorously stirred to prevent the partial separation of cinchoni- 
dine in the form of orange flocks. If that has taken place the 
mixture must be warmed until the precipitate disappears. Accord- 
ing to do Vrij, sufficient of the reagent has been added when an 
intense yellow colouration makes its appearance in place of a 
groon precipitate of herapathito , tho mixture is then heated to 
incipient ebullition, cooled, and its weight ascertained to allow of 
a correction foi dissolved horapathito being subsequently mado. 
Finally, the precipitate is collected on tho liltor pi oviously used 
in separating tho tartratos and washed with u satin atod alcoholic 
solution of quinine-hoiapatlnto AfLoi draining, tho funnel is 
weighed with tho filter, dried, and again weighed , Iho difference 
is tho amount of horapathito Holuiion retained by it, for each 
gram of which, as well as of mother liquoi (not washings), a 
correction must bo made of 00125 gram oi quinine 100 parts 
of herapathito dried at 100 indicate CH-22 of anhydrous quinine. 
To ensure tho success of tho experiment, it is absolutely necessary 
that tho horapatliito should separate in tho hum of groon glitter- 
ing crystals, as otherwise the solubility differs from that horo 
slated , amorphous horapathito, as well as some of tho quinine 
compounds iichor m iodine prepared by Jorgonson, arc far tnoio 
easily soluble Unfortunately it sometimes happens, when work- 
ing upon tho mixed alkaloids separated from bark, that it is 
impossible to obtain tho precipitate in this crystalline condition oven 

1 Lor. ctt. 

132 
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after three or four days. In this case a different correction must 
be made from that above mentioned, viz. 1 in 465, as determined 
by Hielbig, instead of 1 in 600. It is more advantageous to sepa- 
rate the quinine from the greater port of the cinohonidino by 
ether, then precipitate in the cold and filter off at once. 1 

HI. The amount of quinine thus found is calculated into 
tartrate, and deducted from the weight of the mixed tortratos 
determined in I ; from the difference the amount of cinchonidino 
present can be calculated. 

IV. The filtrate and washings from the tartrato-procipitate arc 
mixed with iodide of sodium (in the proportion of 0-5 gram for 
each gram of mixed alkaloids), evaporated to 20 co. cooled, and then 
vigorously stared. After standing twenty-four hours, the iodide of 
quimdine, etc., that has separated, is collected on a small tared 
filter, transferred to a small beaker, and triturated with 10 cc. of 
95 per cent spirit, returned to the same filter, and again treated 
with the same quantity of spirit The residue is finally washed 
with 20 cc. of water, 3 dried and weighed. 100 parts of precipi- 
tate correspond to 71 - 68 parts of anhydrous quinidine, to which 
a correction of 0-002481 gram has to be added for each oc. of 
filtrate and washings. 

V. To the filtrate and washings from the last operation hydro- 
chloric acid is added until perfectly clear, then considerable excess 
(2 to 3 grams) of carbonate of soda, and the mixture evaporated to 
dryness on the water-bath. The residue is reduced to tho ihumt 
possible powder, transferred to a small dry flask, and extracted by 
maceration with pure ether, in successive portions of 10 (x> ^0 cc 
each, as long as any colour is removed. Tho othoroul iiltratos 
are evaporated, the residue dried and weighed an amoi^wm 
dMoid after deducting the quinine that has escaped precipitation 
as tartrate. 

VI. The portion insoluble in ether is freed from that liquid by 
warming, and treated with water to remove soda, etc. , tho r/w- 
ehomna is then filtered off, washed, dried at 110, and weighed. 
Traces of that alkaloid adhering to the filter used in ffltoimg tho 
ethereal solution and to the sides of the flask, may be dissolved 



8 The object of washin 
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in hydrochloric acid, added to the aqueous filtrate containing 
soda, etc., and removed from solution by shaking with chloroform. 
The alkaloid thus isolated must be weighed and added to the 
amount previously found, from which sum, however, the cin- 
chonidine and quinidine left in solution must be deducted if great 
accuracy is required. 

Hielbig also describes a second process for determining juww&ne, 
cmchonine, and amorphous alkaloid, as follows 

Vli The filtrate and washings from the precipitated tartrates 
are evaporated to 20 cc., and for each gram of mixed alkaloids 
6 gram of iodide of sodium, dissolved in 5 cc. of water and 15 
of 90 per cent spirit, is added, and the whole allowed to stand 
for twenty-four hours in a cool place. The iodide of gwnadme is 
then collected on a tared filter, washed with a little water, dned at 
100, and weighed. (No correction is necessary for tihe alkaloid 
left hi solution ) 

VIIL The filtrate from the last operation is treated as in V , 
but the precipitate produced by the soda solution is here filtered 
off and the alkaloid still retained by the liquid extracted by 
shaking with chloroform. Both portions are then transferred to 
a beaker, and macerated with 40 per cent, spirit to remove 
amorphous alkaloid It is best to cool the mixture and agitate, 
repeating the treatment as long as the spirit becomes coloured 
The cmchomne is finally filtered off, dned, and weighed, 000202 
gram being added for each cc of spmt used. 

IX The alcoholic solutions are ovapoiated to dryness at 110, 
and from the weight of the residue the quinine, cinchomdme, and 
oinchomne, previously reckoned as 'correction,' deducted. The 
remainder is to be regarded as amorphous alkaloid. 

If the bark contain so little quinine and cmchomdine that 
after the addition of tartrate only single crystals are deposited on 
the sides of the beaker where touched by the glass rod, in quan- 
tity too small to allow of their being weighed, it may be assumed 
that the liquid contains at least the amount of alkaloid equal to 
the correction to be made. The actual presence of quinine may 
be detected by the thalleioqum reaction ( 171) if that yield a 
positive result, the presence of cinchomdme must remain a matter 
for conjecture, but if the result be negative, the precipitate may 
be assumed to consist of cinchonidine, and its quantity calculated 
from the correction to be made. 
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The same course may be pursued when only traces of quinidine 
are precipitated. 

185. Behcmmr to Polaa used Light. Attempts havo also been 
made in examining barks to take advantage of the differences 
the alkaloids show in their behaviour towards polarized light, but 
the requisite accuracy does not seem to have been yet attained. 1 
In working with mixtures of the pure alkaloids, the results are, 
it is true, very satisfactory , but as soon as the mixed alkaloids 
separated from barks are examined the errors increase, as oven 
small quantities of contaminating impurity can exorcise a con- 
siderable influence on their action on a ray of light 

The most feasible is Oudemans' method of estimating quinine 
and cinchonidine. The alkaloids are precipitated as tartratos, and 
redissolved in hydrochloric acid (to 0'4 gram precipitate about 
3 cc normal acid, and water to 20 co ). Such a solution of quinine 
shows a rotation [a] D = - 215 8; of cinchonidine [a] D - - 131 '3. 
The calculations may therefore be made according to the formula : 

215-83+ 131 -3(100 -oj) = 100(a) m 

where x is the percentage of tartrate of quinine, and (a) m the 
specific rotatory power of the mixture. 

186. Other Cinchona AlMoids The following are some of tbo 
cinchona alkaloids of less frequent occurrence 

Aricine* the sulphate of which swells up to a jelly in cbloro- 
form. 

Cvsconine, 8 the neutral sulphate of which gelatinizes in aqueous 
solution, and does not dissolve in more sulphuric acid. Acolato 
of cusconme is also gelatinous. 

Qumurmne * This alkaloid occurs notably in Cinchona succirnbra, 
and generally lemams associated with the 'amorphous alkaloid' 

1 Compare the papers quoted m 172 by Oudomnns, HOHBO and Ilu-lbig 
For the application of fluorescence, see Kernor, Zoitnohr. f anal Clu'inn", ix. 
185, 1870 

2 Compare Hesse, Annal d Chem und Pharm, olxxxl 58, 1870 (Pharm. 
Journ. and Trana [3], vii 331, 1878) 

8 See Hesse, Ber. d d chem. Ges. ix. 742. 1876 (Year-book Phann. 22G, 
1880). 

* Compare Hesse, Ber d d. ohem. Ges x. 2162, 1877 (Yoar-book Tharm. 
62, 1878) ; Annal d Chem und Phann. cxcix 333, 1880 (Year-book Pharm. 
34, 1880) , de Vnj, N. Tijdachr voor de Pharm on Nodorl. 69, 1877. 
Oudemans, AnnaL d. Chem, und Pharm. oxovui. 135, 1879 (Yem-book 
Pharm. 57, 1879, 84, 1880). 
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isolated in the examination of the bark. It 
follows : The mixed alkaloids are dissolved : 
and to the solution sulphocyamde of potassiu 
colour is only pale yellow. After standing till perfectly clear it 
is filtered, the filtrate made alkaline with ammonia and shaken 
with ether. The residue obtained by evaporating the ethereal 
solution is then recrystalhzed from alcohol. Quinamine dissolves 
in 32 parts of ether, and is also soluble in boiling petroleum 
spirit. The precipitate produced with chloride of gold rapidly 
decomposes with production of a red colouration. 

For pariwne, see 181; paytine, 183, 189. Hesse states 
of the latter that it is coloured purplish-red by chloride of gold, 
and red passing to blue by chlorinated lime. 

For other cinchona alkaloids, see Hesse in the papers, etc., 
already quoted. 1 

187. Estimation of Opium. Many methods have already been 
proposed for the estimation of the more important opium alkaloids. 
I have criticised them at length in my ' Chemische Werthbestini- 
mung,' and restrict myself, therefore, here to recapitulating the 
modification of the Guibourt-Schacht's process there recommended, 
adding a few remarks on methods that have appeared since the 
publication of that work 

I. Five to ten grams of powdered opium are triturated with 
water to a very thin paste, macerated twenty-four hours and 
filtered. Tho losiclue is again treated in tho same manner, and 
finally 'washed on the filter until the washings are colourless. 
When dnod tho insoluble portion should not amount to more 
than 40 per cont of tho opium employed. It still contains nar- 
cotine, which may bo estimated accouling to VI 

H. The aqueous infusions and washings are evaporated in tho 
water-bath until reduced to about five times the weight of the 
opium employed, cooled, filtered if necessary, and mixed with the 
slightest possible excess of ammonia 2 It is then vigorously stirred, 

1 Compare also Ber d. d chem Ges xi 1938, 1878 (Pharm Journ and 
Trans [3], xi 839, 1881) , Annul d. Chem und Pharm. ccv 194, 211, 1880 
(Year-book Pharm 21, 27, 28, 1879 , 42-44, 1881) 

3 See Cleaver, Amei Jouru Pharm xlviii 369, 1876 (Pharm Jouin. and 
Trana [3], vu 240), and my remarks, in the Jahretb f. Pharm 175, 1876. 
Cleaver, who also employs a modification of Mohr'b proce&b, recommends the 
opium to be previously exhausted with bisulphide of carbon, which lemoveu 
substances that mterfeie with the subsequent operations 
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and allowed to stand exposed to the air, with occasional agitation, 
until the excess of ammonia has disappeared (not longer). The 
precipitated mixture of morphine, narcotmo, and rneconato of 
calcium is filtered off and dried. It should amount to not loss 
t^an 14 per cent, of the opium used. Filtrate and washings ore 
treated according to V. 

TTT. The precipitate is removed from the filter, reduced to the 
finest possible powder, and macerated with pu/ra ether in a dry 
flask as long as narcotine is removed. The ethereal solutions are 
filtered through the same filter, evaporated to drynoss at 110, 
and weighed, or instead of weighing the residue may 1)0 dissolved 
in water acidulated with sulphuric acid, and titrated with potassio- 
mercuric iodide ( 65). The weight is noted as the amount of 
narcotine soluble in water. 

IV. The residue insoluble in ether is dried and exhausted with 
boiling alcohol of specific gravity 81, which removes morphine, 
and leaves meconate of calcium undissolvod. The alcoholic nota- 
tions are filtered through the filter already used in the extraction 
with ether. The weight of the alkaloid con be ascertained either 
by evaporating to dryness, redissolvmg in acidulated wator, pre- 
cipitating with ammonia, and weighing, or by evaporating, rodis- 
solving in dilute sulphuric acid, and titrating according to G5. 
Good opium contains at least 8 per cent, of morpluno. 

V. If the morphine is reprecipitated for gravimetric estimation 
the filtrate may be mixed with the filtrate from II., made alJcalmo 
with ammonia, and shaken with amylic alcohol. All tho morphine 
in solution is thus removed, and the amount which escapes precipi- 
tation in IT. is sometimes very considerable. Tho amyhc-alcohol 
solutions are evaporated to dryness, the residue dissolved in n 
little acidulated water, precipitated with a wlight UXCOBH ol 
ammonia, dried, weighed, and noted as morphine. A correction 
of 0001 gram for each cc of mother-liquid may be made if 
desirable. 

VI If the sample under examination is an opium of good 
quality the insoluble residue from I. will contain narcotmo, but 
no morphine. The former may be estimated by extracting with 
water acidulated with sulphuric acid, precipitating with ammonia, 
filtering, washing, redissolving in dilute sulphuric acid, and 
titrating with potassio-mercunc iodide ( 65). 

188. Other Methods. Weak spirit was also formerly employed 
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in the place of water for exhausting the opium, and Proctor 1 has 
recently proposed triturating the opium (13 grams) with, water 
(15 5 gram) to a paste in a warm mortar, adding methylated 
spirit (46 grams) by degrees, and exhausting by percolation with 
the latter menstruum. The solution is evaporated to a syrup, 
mixed with water (63 grams), and filtered. The filtrate is again 
evaporated (to 6 oc.), mixed with an equal volume of methylated 
spirit and slight excess of ammonia, allowed to stand twelve to 
eighteen hours, filtered and the precipitate washed, first with a 
mixture of equal quantities of methylated spirit and water, and 
finally with the latter alone (about 31 grams). Proctor removes 
narcotine with benzene. 

For the approximate estimation of the morphine Prollius 
recommends extracting the opium with 10 parts of 34 per cent, 
spirit, mixing the solution with 6 parts of ether and 0-2 of 
ammonia, allowing to stand twelve to twenty-four hours, filtering 
off, drying and weighing the morphine, which separates at the 
line of demarcation, narcotine is said to bo dissolved by the 
other. 

Fluckiger 2 exhausts 8 grams of powdered opium by agitation 
for twelve hours with 80 grams of water, and filters the infusion 
through a filter 125 mm. in diameter 42 5 grams of the filtrate 
arc nnxod with 12 grains of alcohol of ap gr 812, 10 grams of 
other, and 1 8 caustic ammonia in a tared ilusk, and sot aside for 
a day or two. Tho ciystals of moiphmo thai havo separated arc 
then collected on a double filter 4 inches in iliamotoi , both llask and 
residue on the filter aio washed, first with a mixture of 6 grains 
of spirit with 5 of other, and aileiwaids with 10 grams of other. 
Tho ciystals are finally gently pressed, icLurnod to tho flask, dried, 
and weighed To the amount thus obtained Fluckiger adds O'l 
gram (Mylius 0'088) for loss in piocipitatmg and washing. 

For the rotatory power of opium alkaloids, soo Hosso 3 

189. Olliff) Alkaloids. In treating of the more important 

1 Pharm Jonrn. and liana [3], vn 244, 1870 , vin. 211, 1877. 

2 Fhaim Zuitung, NOB 67, CO, 1879 (Pharni Jomn. and Trans [3], x 254, 
1879). Soo also Van der Buig, Pharm Woekbl. No 20, 1879 ; Mylius, 
Arohiv (1 Pharm. [3], xv 310, 1879 (Yenr-book Pharm 22, 23, 1880) 

8 Annal d Chom. und Pharm clxxvi 189, 1875 See also Yvon, Journ 
do Phaini. ot de Chun xxix 372, 44.6, 1879 A paper on tho rarer opium 
alkaloids wan published by Hesao in the Anna] d. Ohom und Pharm elm. 
47, 1870 (Pharm. Journ and Trans [3], i. 206, 1870). 
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alkaloids, I have described such of their properties only as ore of 
importance for the object of this work, and refer students that 
may desire more minute details to any good text- or hand-book of 
chemistry. I may be permitted to give a few literary references, 
and make a few observations on some of the alkaloids with which 
we are less familiar, and about which little or no information is 
to be found in text- or hand-books, in case it should be necessary 
in the course of an analysis to compare a substance with any one 
of them. 

Tor wgotwwe and pwosderotwie, compare Tanret 1 and Blum- 
berg. 2 Two volumes of cone, sulphuric acid colour an aqueous 
solution of the former, first red, then bluish-violet, of the latter 
violet With an equal volume of Frdhde's reagent, both are 
coloured violet, passing to blue Both can be extracted from 
solution by agitation with ether. The latter, which is resinous 
and very sparingly soluble in water, is possibly a decomposition- 
product of the former. 

Tor curarine, which is freely soluble in water, seo Preyer 8 and 
Sachs. 4 This alkaloid cannot be removed from solution by shak- 
ing with ether, etc. Its reactions are described in 171. Chloro- 
form extracts small quantities (sufficient for the reactions and 
physiological experiments) of the alkaloid from the residue 
(finely powdered) obtained by evaporating its aqueous solution. 
(Compare also 64, 68, 182 ) 

For wythrophlceMie see QiQloifl and Hardy. 5 It is soluble in 
water, can be extracted by shaking with acetic ether, and is 
coloured violet by sulphuric acid and permanganate of potassium. 

Lobdiine, see Lewis and Bichardson. 8 (Of 56 ) 



1 Report, de Pharm N. Sfr. Hi 308, 1875 ; v. 226, 1877 (Pharm Journ. 
and Trans. [3], vii. 249 1876 ; vi. 622, 1876). 

2 Em Beitr z. Kenntmss d Mutterkornalk. Diss Doipat, 1878 (Pharm. 
Journ and Trans [3], ix 28). 

J Zeitaohr f Cham vi 882, Compt. rend L 1828, 1865. See also Koch, 
' Vers. ubei die Nachweisbarkeit d. Ouranns in thier Flussigk und Gowoben,' 
DIBS. Doipat, 1870, and my 'Beitr. z. genohtL Ohem.' 170, St. Petersburg, 
1871 

4 Annal. d. Chem u. Pharm , oxoi 254, 1878 (Journ Ohem Soo xxxiv. 
517) See also my observations in the Jahresb f. Pharm. for the same year. 

6 Union Pharm. xvii 202, 1876 (Pharm. Journ. and Trans. [8], vn 77, 
1876), also xix 359, 1878. 

8 Amer Journ Pharm 293, 1872 , Pharm Journ and Trans [8], vui. 661, 
1878. See also my ' Beitr. z. genohtl. Ohem. 1 18. 
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Conessine or wrigUme, see Hames 1 and Stenhouse 2 It is very 
sparingly soluble in alcohol, ether, and bisulphide of carbon. 

Eoffmaline and harmine, compare Fritsche. 8 The former yields 
yellow salts with acids the latter colourless. Both are some- 
what sparingly soluble in alcohoL 

Surinamine is also sparingly soluble in spirit (Compare Hutten- 
schrru'dt and Wlnkler 4 ) 

Aribine, see Rieth. 6 It is sparingly soluble in ether, as is also 

AtTietospermwe, compare Zeyer , and JRhcsadine, compare Hesse. 7 
The latter is colourless, but is converted by dilute acids into 
deep red rhceagenine. 

Pwline, compare Boullay, 8 for bebenne, see Maclagan B (of. 171), 
for ldladonmne,BQQ Hubschman, 10 for cocaine and hygrvne, compare 
Niemann, Wohler, and Lossen. 11 Concentrated hydrochloric acid 
decomposes cocaine into benzoic acid, and the alkaloidal ecgomne. 

Tor chlorogenvne and porphyrme see Hesse. 12 Chlorogenine in 
acid solution shows a powerful blue fluorescence. 

Cmydaline, compare Wackenroder, Muller and Leube, Boedecker 
and Wicke 13 The alkaloid dissolves in cone, sulphuric acid, with 
dark red colouration 

Cytisine, compare Husemann and Marm.6, 14 

I Pharm Journ and TranB. [2], vi 432 

a lbid [2], v. 493, Schweizenaohe Wochenschiift f Phann. 172, 174, 
1865 

8 Ghem Oentralblatt, 1847-49, 1853, 1854 Seo also Goebel, Annal. d. 
Chem. und Phann xxxvm 363, 1841 

4 Gmehn's ' Handbook of Chemistry ' 

D Chem Centralblatt, 903, 18bl (Ainer Jouin Phaim XXMV 395) 

8 Vierteljahre&schr. f. pract. Phaim x 513 18G1 (Amer Jouin Phann. 
xxxiv 166, xxxv 453} 

7 Annal d. Chem und Pharm (Suppl ) iv. 50 , cxl 145, 1866 , cxlix. 85, 
1869 (Amer. Journ Pharm xxxvm 668, xxxn: 122, xlii 396J 

8 Eepert f Phaim xxxi 37 

9 Annal d Chem. und Pharm xlviii 109, 1843 , Iv. 105, 1845 (Pharm. 
Jouru and Trans. [1], in 177 ; v 228) 

10 Vierteljahrestchr f pract Phaim vm 126, 1859. 

II Ibid ix 489, 1860 , Annal d Chem. und Pharm cxxi 372, 1862 (Amer. 
Journ Pharm xvui 460, xxxiii 122, xxxiv 406) 

13 Annal d Chem und Pharm (Suppl ) iv 40 Muller'H aletonine from 
Alstoma conbtricta is probably a mixtme of these two alkaloids (Hesse) 

18 Archiv d, Phann xlix 153, 1847 Vierteljahresschr f pract. Pharm. 
vin 536, 1859 , ix 524, 1860. Annal d Chem und Pharm. cxxxvii 274, 
1866 (See Bentley, Phann Journ and Trans. [2], iv 343, 1862 ; Amer. 
Journ. Pharm xxxm 112) 

" Chem Centialblatt, 781, 1865 ; and N". Jahrb. f Pharm xxxi. 193, 1869 
(Pharm. Journ and Trans [3], i. 682, 1871). 
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Ditamine (edutamine), see Gorup Besanez, and Hesse, 1 for 
ditoMM see Harneck 2 The latter is glucosidal, like solanine, and 
assumes a flesh-colour when treated with cone, sulphuric acid, 
whereas ditamine turns splendid purple. 

Gfeissospermine and aspidospermine, compare Fraude. 8 Tho latter 
yields a deep violet solution when warmed with excess of 
perchloride of platinum ; heated with dilute sulphuric acid and a 
little chlorate of potash, or with perchloric acid of sp. gr. I '13, it 
turns deep red ; with sulphuric acid and peroxide of lead, brown, 
changing to cherry-red. If not quite pure, in the latter case a 
violet colour is produced. At a temperature of 14 aspidosper- 
mine dissolves in 6,000 parts of water, 48 of 98 per cent, spirit, 
and 106 of ether. 

Ihilcamarine, Bee Wittstein,* alkaloid in JEscJiscMtnia, see Walz, 5 

i Anna!, d Ohem uncl Phann. clxxvi. 88, 326 ; olxxvui 49, 1875 (Pharm. 
Journ. and Trans. [3], vu 142, 1875). Ber d. d. ohem. Ges. xiii. 1841, 1880 
(Tear-book Pharm 171, 1881). 

3 Archiv f. exper. Pathol und Pharmacol vii. 128, 1877 Ber. d d ohem. 
Ges. 3d 2004, 1878 (Year book Pharm 188, 1878) , Ibid, xiii 1646, 1880 
(see also Phann JouVn and Trans. [3], viii 803, 1878 ; xi. 381, 1870). 
SoharleVs alstonine (Hesse's alstonamne) from Alstonia speotabilis appeals to 
be closely allied to ditamine, but crystallizes with facility. 

8 Ber. d. d chem. Ges. an. 2189, 1878 (Year-book Phann. 193, 1879) ; ibid 
ni 1658, 1660 (Pharm. Journ. and Trans [3], x. 712, 1880) See also my 
observations in the Jahresb. f. Pharm 120, 1878 ; and Hesse, ibid, 116, 
1877 (Pharm. Journ. and Trans [3], vui. 648, 1878). The name geissosper- 
mine appears to have been applied to two different alkaloids, of whioh the one 
discovered by Hesse yields reactions closely resembling those of aspidosper- 
mine (red colouration with nitric acid, etc ) Hesse's geissospeimme produoon 
a splendid red colour with sulphuric acid and bichromate of potassium, bluo 
with sulphuric acid and ferric salts, deep blue with Fronde's reagent, and 
changes the colour of chloride of gold solution to a deep red It can be 
removed from solution by shaking with benzene or ohloiofoim, and is accom- 
panied by an alkaloid whioh is easily soluble in ether find turn? reddish- 
violet with sulphuiio acid The identity of aspidospermme and paylme 
already alluded to ( 186) is contested by Hesse The same chemist has also 
lately discovered a second alkaloid in quebracho, which he calls quebiaohme ; 
it is coloured blue with sulphuric acid and peiotide of lead (Ber d. d ohem 
Ges xiii. 2308 , see Pharm Journ and Trans [3], xu. 704) In examining 
quebracho bark, I noticed that chloroform extracted from acid solutions ( 65) 
a small quantity of an alkaloid giving the reaction of aspidospeimme. Solu- 
tions rendered alkaline with ammonia yielded to petroleum spirit and benzene 
a mixture that reacted like aspidospermme with sulphuric acid and chlorate of 
potash, but was coloured splendid violet by ITrohde's reagent, and behaved like 
strychnine to sulphuric acid and bichromate of potash. Compare also Arata, 
Aotas de la Acad. nac. in Buenos Aires, 1881 , Hesse, Annal. d. Ohem u. 
Pharm. coxi. 249, 1882 

4 Pharm. Vierteljahressohr. i 371, 496, 1860 Of 167. 

8 N. Jahrb f. Pharm. viii 223, 1857 (Amei. Journ. Phann. xxxiv. 329). 
Compare alao my 'Ennittelung d. Gifte ' 
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see Probst; 1 fumarine, see Pommier, Hannon, and 
Preuss; 2 gekemine, see Bobbins 8 (cf. 55, 171); hydrastine, 
see Perrins ; 4 jtirubebwe, see Greene ; 5 lotvmne, see 168 ; mem- 
spermim and paramemty&rmvne, see Szteyner; 6 olea/ndrine, see 
Leukowsky ; 7 oxyacanthme, see Polex; 8 pdletierwe (punicine), see 
Tanret, 9 

Perei/rine, see Goos. 10 It dissolves with purple colour in nitric 
acid. 

Sparteme, see Mills (cf. 55) j 11 toxine, see Morm<i (cf. 55, 
171) ; 12 lycopoAine^ wtphaaine. 141 

190. Amides. The following are amides of less complex 
constitution occasionally met with in plants : 

Amanitine, which may bo distinguished from muscarine by the 
properties of the gold salt ( 183) and by the negative results 
of physiological experiments. 16 It is isomoric, but not identical 
with choline (neurino, sinkaline), and is converted into muscarine 
by the action of nitric acid, whereas, under similar conditions, 
cMine yields betaine ( = butylalanine and oxyneuiine). Musca- 
rme differs from betaine in being more powerfully alkaline. 10 

I Annul d. Chem und Phorm. xxix. 120, xxxi. 260, 1838 (Amer. Jonrn. 
Pharm xxxm 9) 

a N Keport f. Phiirm n 409, 1853 , ViertoljahreBBchr f pract. Pharm. 
in 158, 18S2 , ZuitHchi f Choui li 414, 1866. 

J .fahu",lii f J'hnim. 152, 1876 (Amor Jomn Phium 101,1876) Pvobbinn 
nlontihoil the Ho-oallud gelHomic acid with ooHciilin 

'Pluum Jouni and Tiaiw [2], m 546, 1862 Sec .ilao Mnhla, Jomn. f 
praot Chum xci 218 , PioHCott, Amui Jouin Phaiiu \lvii 481, 1875 ; 
Halo, ibid 247 

B Amoi Jouin Pharm. \lix fi06, 1877 

Jahrc-ab f Phnnn. 141, 1878 

7 Ibid xlvi 397. 

8 Archiv d. Phunn [1], vi 271, 1824 (Anici Jouin Phann \\\in. 455). 

D Joiirn do Pluum. ot do Cliunio, x\vm 168, 1878 (J'haim Jouin. and 
Trans [3], ix 450) 

10 Chum CoutiiUblatt, 610, 1839. Compaiu alao J'orotti, Journ. do Chim. 
ined \\vi 162 

II Annal d Chcrn unrt Pharm oxxv 71, 1862. 

1J .IfthruHb f J'hium 93, 1876 ; comparo also 636, 1878 (Phfiim. Journ and 
TranH [3J, 893, 1877) 

H Annal d Chum und 1'hoim. ccviu. 363, 1881 (PLaim Jouiu and Tiane. 
[3], xn 280, 1881) 

14 ( huning, /or. tit. 

16 Compare Hchmiedoborg, Ber. d.d chem Gee. iv. 693, 1871, and llaruack, 
loc cil (Pharm. Joiu-n und TranB. [2], xi. 365, 1809) 

JB Forbetaino tteo Sohoibler, Ber. d. d. clioni GOB. n 292, 296, 1809 ; identity 
with oxyneuiino, ibid. ill. 165 , with lycino boe lluaemauu, 
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Gholine and amanitine are also tolerably strongly alkaline. The 
double salt of platinum and choline is precipitated by alcohol 
from aqueous solution (contains 31-75 to 33 27 per cent Pt.) ; the 
gold double salt is sparingly soluble in cold water, more freely in 
boiling (contains 44-25 to 44-9 per cent. Au.). The gold and 
platinum double salts of betaine are freely soluble in water, and 
especially so in alcohol, but more sparingly in ether. 

191. Asparagine. This substance requires 40 parts of cold 
and 4 of warm water for solution, and is insoluble in absolute 
alcohol and in ether. It crystallizes in colourless rhombic prisms. 
Boiling with hydrochloric acid resolves it into aspartic acid and 
ammonia, a reaction upon which Sachsse 1 based the following 
method for the gvmtitafove estimation 10 grams of the powdered 
substance are boiled for a quarter of an hour with 200 cc. of a 
mixture of equal volumes of alcohol and water, in a flask pro- 
vided with an upright condenser; 5 cc. of a cold saturated 
alcoholic solution of mercuric chloride are diluted with 5 cc. of 
water, and added to the mixture whilst still hot, the whole thrown 
on a filter, and washed first with hot 50 per cent spirit, and 
finally with cold water. The filtrate and washings are evaporated 
to dryness, the residue redissolved in the smallest possible quan- 
tity of water (not more than 50 cc ), from which solution the 
mercury is precipitated with sulphuretted hydrogen. The sulphide 
of mercury is filtered off and washed with hot water until filtrate 
and washings measure 110 to 120 cc. This liquid is then mixed 
with 10 cc. of hydrochloric acid and boiled for an hour (with 
upright condenser), by which the asparagine is decomposed into 
ammonia and aspartic acid ; it is then cooled m an atmosphere 
free from ammonia, and made slightly alkaline with pure potash 
The ammonia produced may be estimated gasomotrically by 
Knop's method; 14 parts by weight of nitrogen indicate 132 of 
anhydrous asparagine. For asparaginOj see also 97, 210. 

The microscopical detection of asparagine may bo effected by 
taking advantage of its insolubility in absolute alcohol Crystal- 
line deposits of that substance are usually formed when fresh 
sections of plants containing it are placed in alcohol After being 
dried they are insoluble in a cold saturated aqueous solution of 

Woohenachr 1875 (Amer Journ. Fhann. 209, 1875) Compare also Annal. 
d. Ohem. nnd Fhann. (Suppl ) u 883, ru 245, 1864. 
1 Jonrn. f. praot. Ohem. vi. 118, 1878 (Journ. Ohem. Soo. xxvi. 652). 
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asparagine, and melt at 100 to a homogeneous mass easily soluble 
in water. Should the addition of alcohol not be followed by the 
immediate formation of crystals, Borodin recommends covering 
the object with a coverslip, allowing the spirit to evaporate, and 
then again looMng for crystals. 

SchuLze and Ulrich detected gfatami-ne in beet-juice by precipi- 
tating with a slight excess of basic acetate of lead and filtering. 
To tho filtrate which contains the glutamine, hydrochloric acid is 
added in tho proportion of 25 cc. to a litre ; on boiling for two 
hours the glutamino is decomposed, like asparagine, into ammonia 
and tho corresponding acid (glutamio acid). The greater part of 
the hydrochloric acid is now removed by concentrated solution 
of acetate of lead, and to the filtrate basic acetate of lead is 
added until the precipitate first formed is redissolved, with the 
exception of the remainder of tiie chloride of lead. The lead 
salt of glutamic acid is then precipitated from the filtered solu- 
tion by the addition of alcohoL It is collected, decomposed 
with sulphuretted hydrogen, and filtered from the sulphide of 
load After expelling the excess of sulphuretted hydrogen 
from the liquid, oxide of silver is added to remove any hydro- 
chloric acid present, the solution freed from silver by sulphuretted 
hydrogen, and evaporated to crystallization. The glutamic acid 
thus obtained may bo purified by conversion into a copper salt 
and regeneration by sulphuretted hydrogen Tho presence of 
glutumic acid was conihmod by converting with nitrous acid into 
tho corresponding oxy-acid, from which pyrotaitanc acid was 
obtained by tho action of hydnodic acid 

Tho last portion of glutamic acid from tho crystallization of 
tho crude product was found to contain aspaitic acid l 

Glutamino may bo estimated quantitatively in tho same manner 
aa asparagine. 

Foi tho guanlttatwe detemmnation of asparagwie, leucine, tyrosine, 
etc., ace also 241. 

t) 192 LeuGine. This substance has also boon dotocted in 
certain plants. 2 It may be separated from albuminous substances 
by dialysis, and if present in solution with asparagmo, will bo 
found in tho mother-liquor after tho crystallization of the latter. 

1 Compare Zoitschr f anal Chem xvii. 104, 1878. 

3 Compare, for instance, Gorup Besanez, Ber. d. d chem. Gas. vii. 146, 
5G9, 1874 (Journ. Chem. Soc xxvu. 494). 
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It is characterized by crystallizing in sphere-crystals, by its 1)0- 
haviour to water and alcohol (dissolves in 27 parts of cold, and 
easily in -warm water, in 1040 of cold 96 per cent, spirit, and 
800 of boiling 98 per cent), by its power, of dissolving oxido of 
copper, and by yielding leucic acid when acted upon by nitrons 
acid. 

I have already directed attention to the identity of tho cJieno- 
podwe obtained from decomposing yeast with leucino. 1 Oorup 
Eesanez has made the same assertions of tho chouopodino from 
Chenopodium album. 

Tyrosine, as well as leucine, has lately been detected in plants, 
especially in germinating seeds. 2 Aqueous extracts of tho material 
under examination are concentrated, precipitated with alcohol, 
filtered, freed from alcohol by distillation, evaporated to a fly nip, 
and allowed to stand, when the tyrosine separates out in groupH 
of warty crystals. By recrystallization from ammoniacal alcohol 
it may be obtained in acicular crystals Solutions of tho latter 
develop a rose-colour with mercuric nitrate and a little nitrous 
acid. Warmed to 50" with concentrated sulphuric acid (half-hour), 
and saturated with carbonate of banum, it yields a mass which 
assumes a fine violet with feme chloride. 

Ratanhin agrees with tyrosme in most of its reactions, especially 
the two just described. It is almost insoluble in cold water, 
alcohol and ether, sparingly soluble in boiling water, but frooly in 
ammonia. Suspended in water, and then warmed 'with a hLLlo 
nitric acid, it dissolves, passing, as it does so, from rose to ruby- 
red and blue, turning finally green with red fluorescence. a 

VEGETABLE MUCILAGE. 

193. Vegetable Muctiage, Pectin, etcThe substances iloHifj- 
nated by these names are a source of much inconvenience to tho 
analyst, due probably to their occurring in various modifications 

i Compaq Bergman, ' Das putride Gift,' Do^at GLwer. See abo llo^oli, 
N. Jahrb. f. Phaim xxvii. 128, 1867. 

a Compare Betake and Barbien, Ber d. d chem. Ges. x 199, xi. 710 
(Journ Ohem Soo xxxiv 663) ' 

It is notorious that ratanhin does not ooour in rhatany-root, and that 
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differing greatly from one another in solubility, etc. The majority 
of them are characterized by a certain disposition to combing with 
lime, potash, etc , and this has led to their classification with the 
weak organic acids (arabic acid, etc.) ; in fact, some of the differ- 
ences in solubility, etc., seem occasionally to depend directly 
upon the quantity and quality of the bases with which they are 
combined 1 

But other substances, such as albumen, tannin, etc., that simply 
accompany the pectin and mucilage, can also exercise an influence 
on the behaviour of the latter to solvents. On this account, and 
because, as a rule, such matters as mucilage diffuse but slowly, it 
is not always possible, in extracting vegetable substances with 
water according to 71, to be certain that all the mucilage (arabm, 
etc.) soluble in water has really passed into solution. If heat were 
employed, the amount dissolved would certainly be increased, but 
at the same time other and more serious errors would be intro- 
duced. 

One such source of error is to be found in the presence of 
carbohydrates closely allied to soluble mucilage, but differing 
from it in only swelling (not dissolving) in cold water (metarabic 
acid, etc.) These carbohydrates are of frequent occurrence in 
plants Prolonged heating with water gradually dissolves them. 
Erior would also be caused by carbohydrates like hchenm, 
caiaghin, staich, otc , hot solutions of which gelatinize on cooling, 
as well as by other sub&tancea 

194 Modified Muthod of Examination for Alntilaijf, etc For the 
reasons given in 193, I think it is pi of 01 able to extract with 
cold water, and estimate the mucilago and albumen m the solution 
prepared according to 71 The washings mentioned in that 
section should be evaporated to a syrup, m which a similar deter- 
mination of mucilage and albumen should be made If the 
material has been macerated with exactly 100 cc of water, and 
65 cc of filtrate have been obtained (used for the fiist determina- 
tion of albumen, etc ), then 35 cc. must bo retained by the lesiduo 
and filter, and these 35 cc must be extracted by the washing If the 

1 This was clearly the case in peony-seed (Archiv d Pharm [3], xiv 426, 
1879 , Jomn. Chem Soc xvxv 1043) Treatment of the seed with alcoholic 
tartanc acid rendered far more arabio acid soluble in watei than it was 
possible to extract by direct treatment with the latter menstruum It had 
evidently boon liberated from combination by tartaric acid, and rendeied 
soluble in water. 

14 
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extraction has been complete, the amount of albumen, etc., in tlio 
washings must be the same as that in 35 cc. of the first filtrate 
(which may be calculated from the first estimation) j but should 
the washings contain more than the corresponding quantity of 
filtrate, the excess must be added to the total of tho analysis. 

195. Characters of Soluble Mucilage. Apart from thoir being 
dissolved by water and precipitated by alcohol from atjuooun 
solution, vegetable gum, arabin, arabic or gummic acid, is alwo 
characterized by being converted into glucose when boiled with a 
dilute acid. It must, however, be observed, that tho various 
arabic acids, according to their ongin, yield glucoses diiToring to a 
certain extent from one another, some being more powerfully 
dextro-, others Isevo-rotatory some crystallizing with facility, 
others again not at all, or only with difficulty, or passing fh'Hl, 
through an intermediate stage as dextrin (according to Kiruhnur 
with simultaneous production of cellulose). By menus of UIOHO 
properties, vegetable mucilages of particular origin can Bomolimun 
be accurately described. Some years ago it was shown by 
Scheibler 1 that the arabic acid of beet-root yielded, on inversion, 
a considerable quantity of dextro-rotatory arabmoso, which 
crystallizes with such facility that it was at first thought to bo 
mannite. 
KjhanMiaflj^PTitlv ^^ , !*,* of ttral)] - n()HO Wl(i]l 

lactose. Many ' . o w bohavo hko anil)1(1 

acid, whilst some which are not otherwise distinguihluiblo from 
good gum, differ in yielding Isovo-rotalory non-crynlullmil.lo 
glucose. In addition to these, Bdchampa has rocontly diwovoicd 
a 'guinmwoae' which appears to be allied to gaJactoso (S ^U, r ) I 
am almost inclined to think that a minute mvoslfeulion of t], c .s 
piopeities might enable us to distinguish between tho VIUJ.IIIH 
lorms of vegetable mucilage soluble in water 3 
The examination of the osadotumpoductii obloinnl by 1] IO 

a Compare B&hamp, Journ de Pharm et Je Chim x>v ii fil 
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action of nitric acid may also result in the discovery of distinctive 
properties Special attention should be directed to the presence 
among these oxidation-products of mucic acid, and to the quantity 
in which it is yielded. 

The action of aqueous solutions of these mucilaginous sub- 
stances on polarized light also requires further investigation. It is 
at all events certain that some arahins are powerfully IBBVO- 
rotatory (of. 146), others feebly so, whilst some again are dextro- 
rotatory. 

Bv^Jhg^afition of hydroch]oric <* Loin ably , dilute Bulphuric 
acid, or spirit containing 10 VQ^ce^t.^^ ^J^^er^ai&bic^&Gid is 



^ 

convertej into metarabic acid^j 226^hich is characteriaedby only 
swelling in water. This modification can be" c^nVerteollnto'araBic 
aicicTby boiling with a very dilute non-oxidizing acid, a little sugar 
being simultaneously produced A similar change to arabic acid 
takes place when metarabic acid is triturated with sufficient lime 
or baryta water to dissolve it, a lime or baryta salt of arabic acid 
being formed 

Arabic acid agrees in its essential properties with rjietapectic 
acid, and_ approaches peptic acid in such a manner as to allow of 
the conjecture, that the latter, when examined in a state of purity, 
will prove identical with it , injfactj I am of the same opinion as 
Reicharrlt 1 and others viz , that tho so-called pectin substances 
are nothing elbO than the various forms of vegetable mucilage and 
its nearest allies 

The insolubility of thcso mucilaginous and ' pcctmous ' sub- 
stances in alcohol and other, and tho property they possess of 
swelling m contact with water, allow of their detection micro- 
scopically They are generally colouiod yellow by iodine water 
(for allied substances coloured blue with iodine, see 244) 
Aniline violet colours vegetable mucilage red 

196 Vaueties of Gum Ambit' Making a has published com- 
munications on tho behaviour to reagents ( 73) of arabic acid, 
and different varieties of gum arable, and its more important 
surrogates It appears that 10 per cent aqueous solutions of 
those substances aio not precipitated by cold saturated solution of 
acetate of copper, 10 per cent, acetate of lead solution, 01 by feme 

1 Archiv d Pharm [3], x. 116, 1877 (Journ Chem Soc TXMI 502) 
a Arclnvd Phann [8], xv 216, 1879; xvii. 34, 1880 (Yeni-bouk Phaim. 
191, 1881 , Journ Chem. Soc xl. 212). 

142 
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chloride of sp. gr. 1-2; a cloudiness or precipitate produced in 
some samples (e.g. Feronia elephantum) is probably duo to con- 
tamination. Silicate of potash (1 part of thick soluble glivHH 
diluted -with 20 parts of water) produces in solutions of #nm 
arabic, and most of its surrogates, a cloudiness or precipitate 
which partially or wholly redissolves on adding excess. Arabic 
acid remains clear, or becomes only slightly turbid. The saino 
reagent does not precipitate the partially soluble gum from 
species of Cactus, Cedrela, or Khizophora, or solutions of tho gum 
from Acacia catechu, A leucophlcoa, and species of Albixxo, 
Azedirachta, Odina and Conocarpus. A 2 per cent solution of 
stannate of potash yields reactions resembling in general those of 
silicate of potash, but produces in solutions of arabic acid a pre- 
cipitate that redissolves in excess A 10 per cent, solution of 
neutral sulphate of aluminium gives, as a rule, a precipitate, and 
this is in many cases soluble in caustic potash of up. gr. 1 !'{. 
Basic acetate of lead also produces a precipitate, which is generally 
partially or wholly soluble in excess. 

197. Separation from Dexkiti, etc. Tho behaviour of the muci- 
laginous substances soluble in water to basic acetate of losul 
furnishes us with the means of getting nd of them, should wo 
wish to make optical or chemical experiments with oxtracln o! 
vegetable substances for tho detection of glwoxe, mtrchamw, (h\r/i in, 
tnticin, etc. (c 76, 83) , care must bo taken, however, not l.o 
add any large excess of the precipitant If this precaution is 
observed, such substances as arabm and dextrin can, I think, !>< 
more completely separated than by the precipitation with alcohol, 
recommended m 75, 76 In the latter, cthyhc alcohol can, us 
I showed some years since, be replaced by niotliyhc. l 

DEXTRIN, TRITIOIN, SINIHTUIN, LBVULIN 

198 Climadeis These carbohydrates are all easily convert,* I 
into glucoses ( 76) by dilute acids, flejhin may bo disLiiiguihlicd 
by its yielding grape-sugar, whilst tnticm, Binintnu and loviiHn 
are converted into levuloso, and are also characterized by thcii 
behaviour to baryta-water (see also 77). Lovulm" is optically 

1 Phann Zaitaohr. f. Rusaland, iv. 152, 1866 (note). 

a Compare Weyher v. Reidemeister, 'Berti. z. Kenntmas d Lovuluis, etc.' 
Dim. Dorpat, 1880 
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inactive; sinistrin and triticin 1 differ from one another in the 
extent to which they deviate a ray of polarized light. Triticin 
reduces Fehling's solution rapidly, but levuhn and sinistrin require 
long boiling before cuprous oxide separates out (levuhn, ! hour). 
Those three carbohydrates also differ in the rapidity with which 
they are converted into glucose when heated with pure water in 
sealed tubes. Triticin is here the first to undergo a partial trans- 
formation into sugar. Levulin is more easily converted by yeast 
into carbonic acid and alcohol than is either triticin or sinistrin. 

199. Akolwlales of tiw foregoing Caibohydratfs, Composition, 
Quantitative Estimation, etc. The precipitates of Icvulin, triticin 
and sinistrin produced by spirit retain notable quantities of 
alcohol in such a manner as to necessitate the inference that 
distinct alcoliolcdes have been formed Even after standing for 
three months over sulphuric acid the levuh'n compound had not 
lost all its alcohol, whilst in a partial vacuum it had disappeared 
in the course of two months. Prolonged heating to 110, a 
temperature at which the olcoholate melts, is sufficient to cause 
the gradual expulsion of tho alcohol 

In estimating the four carbohydrates in question by calculation 
from tho amount of sugar yielded by tho action of dilute acids, it 
must bo remembered that tho composition of doxtnn, smistiin 
Jiud lovulin, diiud at 100, has boon found by analysis to corres- 
pond Lo tho formula C,,H [0 5 , but that triticin duod at 110 
has tho Hiinio composition as canc-sugai viz, ^ijUjjOip 

In tho,su cases tho glucose ($7G) is bettor estimated by Folding's 
Holution (8 S,J) than by polarization ( liOtf) (Solutions of lovulin, 
tiiticm and smiHlnn, although inverted with dilute acidw only, do 
noL always show an unglo of rotation = 106" to 107" (Jj 20. 1 ")), oven 
if tho solution 1)0 neutralized, evapoiatod to dryncss, redissolvod 
in cold water, and tested immediately On cooling tho solution 
after inversion and examining at once, lovulin yielded, m tho 
moat favomublo instances, a sugar with a lotatory power of 81 , 
triticin, 1)4.", and Kiinstnn, 9G" , and il was only by conducting 
the inversion in woalod tubes llmt Koidomeiatcr obtained for 
tnli cm-sugar a rotation of 106 5, indicating the presence of 
pure lovuloso 2 

] Foi mycodextrin and mycinulin see Ludwig and BUHBO, Aicbiv d. 1'harni. 
olx\\ix 2d, 1809 
9 Compare lioidomoistor, loc. oil. 
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For the complete inversion of 1 to 1-3 grams of carbohydrate 
dissolved in 36 cc of -water, 5 to 6 drops of hydrochloric acid 
(33 per cent.) were found sufficient, in the caso of levulin, two to 
two and a half hours' boiling is required, whilst tnticin is com- 
pletely converted m twenty-five to thirty minutes (Roidomoistor). 

To obtain accurate results the acid must be as dilute as possible, 
and the action stopped as soon as the inversion is complete Here, 
as in many other instances, hydrochloric acid seems to bo prefer- 
able to sulphuric , considerable quantities of sugar (20 to 30 per 
cent.) may otherwise be lost by secondary decompositions, and in 
consequence the estimation of the carbohydrate bo attended with 
results inaccurate in the extreme. 

For tho estimation of glucose by titration, see 83, 84. 

For dextrin, see also 200, 201, 202. 
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200. Detection of Grape-sugar To detect grape-sugar ( 70, 
83 to 88), Mulder l makes use of its reducing action on indigo. 
The solution to be examined is rendered faintly blue with sulplim- 
digotic acid , carbonate of soda is then added until tho reaction is 
alkaline, and the whole boiled for a few seconds If grape-sugar 
is present, the colour passes from blue to violet, and then dis- 
appears , the liquid should not, however, be shaken, as the action 
of the air results in the rapid return of the blue colour. a 

Tincture of litmus, substituted by Vogel 3 for indigo, is loss 
sensitive. 

Braun 4 directs attention to the reaction between glucose and 
picric acid, and recommends this reagent for distinguishing 
between grape- aiul cane-sugar In tho presence of caustic soda 
picric acid is converted by boiling with grape-sugar into blood-i cd 
picramic acid Fruit- and milk-sugar exert a similar action, which 
is not shared by mannite or cane-sugar. 

For tho action of grape-sugar on ferridcyamdo of potassium, 
see Gentele 6 and Lenssen 8 The latter also discusses the icduc- 

1 Oliem. Centralblatt, 176, 1861 (Phaim .Tourn and Tians. [1], xvm. 421). 
3 Compare Neubauer, Zeitschr. f. anal. Ohem i 378, 1862 

3 N. Eepert f Phann xi. 62, 1862 

4 Zeifcaohr f anal Chem. iv 186, 1865 

H Ohem Oentralblatt, 91, 1861 ; Stahlschmidt, Ber. d. d. chem. Ges. 141, 
1861 (Amer Journ Phann. xxxii. 81) 
Zeitaohr. f. anal Chem. ix. 463, 1870. 
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tion of cyanide of mercury by glucose as recommended by Knapp 1 
( 84), and snows that by neither method can saccharose be accur- 
ately distinguished from glucose. 

0. Schmidt distinguishes between grape- and cane-sugar bj> 
adding basic acetate of lead and ammonia, and warming. The 
wnito precipitate that first appears turns red if grape-sugar is 
present \ cane-sugar does not yield this reaction. 2 

201. Ekhmatwn of Glucose in Presence of Saccharose. In titrating 
glucoso in the presence of saccharose, it is advisable, according to 
Rumpf and Hoinzerlmg, 8 to conduct the experiment with the 
utmost rapidity, as the error caused by the dextrin is then but 
very small. 

, Barfoed detects grape-sugar in the presence of dextrvn, by means of 
an aqueous solution of crystallized acetabe of copper (1 in 16), 
containing 1 per cent, of acetic acid. To the liquid under 
examination a few drops of the reagent are added, the whole 
boiled for an instant and cooled. If grape-sugar is present, 
cuprous oxide gradually separates out. 4 Cane-sugar, milk-sugar, 
and gum behave liko dextrin. These statements have been 
confirmed by Miillor c 

202 Detection oj Dexhiiiw Prc^cuffi of C<t,tM-sug<u Schoiblor 
has shown that a 20 per cent aqueous (solution becomes cloudy 
on tho addition of 4 volumes of DO to 9, r > per cent alcohol if the 
sugar in contaminated with us httlo as oven fi poi cent of doxlnn. 
A second test of Schuibloi's, depending upon tlio use of iodine, 
may bo panned over hore, as il succeeds with impute <lc\'trm only. 
The presence of dnxtim and cane-sugar in solution together may 
often bo inferred if, after inversion, Fohlmg's solution shows leas 
grapo-Hiigar than could have been anticipated by calculation fioni 
tho rotatory power bofoio iiiveision , or if tho rotatory power 
after invoiHion is loss than that before inversion (taken an duo to 
pure cano-sug.iv) would have led us to expect (See 8 207 ) 

$ 203 Gnmmetnfi Equant nni. <>J (iliico*? Mulder lecoininciuls 

1 Annal (1 Chum unil Phaim cliv '2.")2 (Plmim Jouin ,uul Tiam [.J], i. 
301, 1870) 

J Annul (1 Chom nnd I'lmnii c\ix 102, 1S(>1 

1 i^citsohi f nn.il niu-in i\ U.1H, LS70 Ciuiipaio MHO H.ufocd, iliul \n 
1 JJ), 187'} (Yciu-bdok IMmnn 17h, 1871) 

^Zuitschr f annl Ght-m xu '27, 187!} (.loum Chom Hop \\vi 1101) 

n ZoifcHchr f. anal Olu-in xvm 601 (Year-book I'harni 71, 7b, 1879). 

fl ZoitHchr. f. ftual. Chom. x 372, 1871 
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for this purpose heating for an hour to 60 with excess of alkaline 
copper solution, filtering off, and weighing the cuprous oxiclo pre- 
cipitated ( 83). The errors involved by this method, which at 
the best of times can yield only approximate results, have boon 
the subject of communications by Fresonius 1 and Q-ralama. 8 

204. Fermentation Test ( 85). To detect glucose by this tOHt 
a little of the suspected solution is evaporated until it containn at 
least 5 per cent of sugar. After cooling a few drops of tar tan o 
acid solution are added, and a little good yeast, previously wushoiL 
with distilled water; 1-2 cc. of this mixture are then introduced 
into a eudiometer standing over mercury. If glucose is yroaont 




Pig. 9 

an evolution of carbonic acid will soon begin, and should, in a low 
hours, displace a considerable amount of mercury (3 (II) ]{y 
means of a blank experiment with distilled water, and the nanio 
quantity of yeast, it may be ascertained whether any carbonic ae.,1 
has been produced by the yeast itself alone. 

The absence of any evolution of carbonic acid is not nocoworily 
a proof that tie liquid is free from glucose. Certain constituent* 
of plants, such as sabcybc acid, thymol, etc , may occasionally l>o 
present, and prevent any fermentation taking place. 

1 Anleit. znr quant Analyse, 6th edition, 833. 



205. OHAEACTERS OF GLDCOSJES. 217 

If this is the case, such a method cannot of course be employed 
for the quantitative determination of the glucose. But if the solution 
soon passes into a state of fermentation, and a tolerahly large 
quantity of gas is produced, an estimation of the amount of 
glucose present may he made in the following manner: The 
glucose solution is prepared as directed for the qualitative test, 
and a measured quantity of it introduced into the flask A (Fig. 9). 
The second flask B, shown in the figure, contains sulphuric acid, 
as for the determination of carbonic acid according to the method 
of Fresenius and Will The whole apparatus is wiped dry, ac- 
curately weighed, and exposed to -a temperature of 20 to 30. 
The carbonic acid evolved in A, passes through c, and is dried by 
the sulphuric acid in B, before being expelled through d. After 
the lapse of about two days, when the evolution of gas has ceased, 
the carbonic acid in the apparatus is driven out by aspirating at d 
The difference in weight is the amount of carbonic acid produced, 
100 parts of which are equivalent to 204 54 of glucose I 

205. Characters of the Various Glucoses. In speaking of glucoses 
in the preceding paragraphs, I referred principally to grape-sugar, 
fruit-sugar, and the combination of both known as invert-sugar. 
G 'rape-sugar (dextrose) possesses the following characters it can 
be obtained, by gradual deposition from solution, in prismatic 
crystals 2 containing one molecule of water (cf. 89) , an aqueous 
solution, piepared fresh and without heat, m which the sugar is 
present in the crystalline modification, shows arouiLoiy power for 
(a) D + 91 81 (p = 1) , wheieas a solution that has been heated, in 
which the sugar has passed into the amoiphous condition, possesses 
for (a) D a rotatory power of 49 r>4 a to DO 00', and 4G 34 d (^= 12). 
Hoppe Seyler* found the rotatory power of amorphous grape- 
sugar to be () D = 564, fiom which he obtained the constant 
quanjaty A'D = 1773'0, this may be used for calculating the 

1 Another method that has been suergestod of estimating glucose consists 
in determining the specific gravity befoiu a,nd aftoi fbiuiuntdtmn (foi 20 to 24 
houn.) and calculating 219 pei cent of glucose foi each 001 in tho diffei- 
ence. Manassem has shown that the method yields good lesulU with tho 
sugar in uime (Med C'entialblatt, 551, 1S72) 

3 Similar ciystallme deposits, especially hphterociyhtals, have been occa- 
sionally obseived in the micioscopic examination of diied druga. Compaio 
Braun, Zeitschr d oesten Apoth Ver xvi 337, 1878 

3 Compare Heaae, Annal d Chem und Pharm clxxvi. 89, 1875 (Pharm 
Jouin and Trans [3], vii 191 tt acq ) * 

4 Zoitschr. f anal Chem, xiv. 303, 1875 
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amount of grape-sugar present from the rotation observed. For 
anhydrous dextrose Tollens and v. Grote 1 ascertained () D = 53-10, 
and the constant quantity =1883 -3. Hesse has shown that the 
prolonged heating of aqueous solutions of dextrose reduces the 
angle of rotation still further. , 

Biot has asserted the existence of glucoses, agreeing 'with grape- 
sugar in all important properties, but differing from it in their 
rotatory power ; and the truth of this assertion has been proved 
by Hesse. An instance may be cited in sdmn-suffon , the crystalline 
modification of which possesses a rotatory power (a) n = 1 00 (p - 1 ), 
and the amorphous () D = 50 (popuhn-sugar is said to correspond 
to ordinary dextrose); the rotatory power of pliloros& from phloricm 
is five-sixths that of glucose. 2 

Fvuit-smgw (levulose) has recently been obtained in acicular 
crystals; 3 a freshly prepared solution shows a rotatoiy power 
(a) D = -106 (constant 943-4; see also note to 209), which 
slowly diminishes, on boiling, to - 56. Lovuloso dissolves more 
easily in alcohol than crystalline dextrose, which may therefore, to 
a certain extent, be freed from the former by washing with spirit. 
The disposition to form a sparingly soluble compound with limo 
is very characteristic of levulose, and forms, at the same time, a 
means of separating this from grape and other sugars. Liko 
dextrose, levulose is fermentable , but when both sugars aro 
present together, the former is the first to undergo alcoholic 
fermentation. 

Sugars allied to levulose, differing from it only in the rotatory 
power, will probably be found in certain plants (Jerusalem aiti- 
chokes, etc. , see also 199) 

Invei f-siigar (see also 209 et seq ) shows as a rule a rotatoiy 
power for (a) D of - 18 The majority of chemists logard it as a 
mixture of grape- and fruit-sugar, molecule for molecule , but 
Maumene" 4 differs from them, and maintains that ho has found in 
it, in addition to these two constituents, another, optically in- 
active, unstable sugar. 

1 Bar. d. d chem Ges. 487, 616, 1531, 1876. See also Hesse, Annul, d. 
Chem und Phann. cxcii. 169, 1879. 

3 Compare Hesse, Annal d Chem. und Pharm. cxcii. 173, 1878. 
8 Jtragfleisch and Lefranc, Comptes rendus, zoui 647. 

4 Journ. d. Pharm. et de Ohim xxii 47, 1875 The name of chylftriose has 
been given ty MaumSne* to the layo-rotatory constituent of invert-sugar. 
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According to the researches of Scheibler, 1 a freshly prepared 
solution of cw'dbinose possesses a rotatory powor (a) D =+121, 
diminishing, after heating, to +116. It crystallizes, far more 
easily than dextrose, in rhombic crystals ; but is not directly fer- 
mentable. Its action on Fehling's solution resembles that of 
grape-sugar. As already observed Kiliani maintains that arabinoso, 
when treated with nitric acid, yields mucio acid, and is identical 
with lactose. (This is contradicted by Clsssson.' 1 ) 

For caraglieenrsnigai' see Bente. 2 It is said to be optically 
inactive, and to reduce Fohling. 

Galactosp, regarded by Fudakowski 8 as a mixture of lactose and 
another glucose, also belongs to this group. It differs from most 
other glucoses in yielding mucic instead of oxalic acid when treated 
with nitric acid (See also 195.) 

206. Sorbin, Inosile, etc. Sorbin, inosito, and eucalyn differ 
considerably in their properties from the foregoing sugars, but 
correspond to the glucoses in formula. 

Sai lui can bo obtained in colourless crystals, which are freely 
soluble in water, sparingly in cold spirit. It reduces Fohling, 
possesses a rotatory power (a); = - 46 9 ; but is not ferment- 
able. Horhm must not bo confounded with the sorbite belonging 
to the nianmto group ($ % J12) 

Inoiilt 1 , or i>hif>('innniinitc, forms colouiloss rhombic plates molting 
at '2 10 ', soluble at 1 ( J ' in G parts of water, insoluble in cold absolute 
alcohol and oilier It is not foinioiilj,l>lo, does not reduce Fohling, 
and is optically inactive l Whoa wanned with nitiic acid and 
dried, inosito is said to loavo a it'siduo Unit is coloured piuplo or 
blue by ammonia and chloiido of calcium 

fiitt'tili/ii, luw boon obtained, up to the piosenl tune, only m the 
form of an unciystallmiblo, non-hinnonlablo syiup. It possesses 
lor (), a dextro-rotatory power of (5.')" r ' 

1 BIT (1 d chom Clm vi 012, 187o. 

a Ibid k llf)7, 187b 

l llnd vm .15)0, 18715 ; iv 42,187(5 

4 C)u tho ooounonco of inosiLo in tho vt'^utalilo kini(il)n (^i.ipa juiei-) HI (, 
llil^'pi, Ami.il d Ohnn nnd I'hiuin cK 3-H, 1871 (Yi-ai book I'hmin ITid, 
]87'2), alsoNnifrlfciui'i, Zoitwchr f anal Clu-m MI yH, 187-i Ncui{( lum-i 
ban found inoHilo in viiu'-loiweH also, and at, HIG Hamo tiino dwtUHscs tho <U Li <- 
lion of quc'icclm, ii\u>iciLnn, otc Nut iff, which hiw buun discnvi-icd in h i/cl- 
Ic-avoH, appcai-s to bo voiy Himilar to inoHilo (Jahu-Hb f I'h.um 107, 1877) 

For Homo othci naculi.uino bodiuH that havo buon hilhuiin but httli- 
invontlgatcd, Huch OH damboHP, etc., sco Ber. d. d. ohoin. GUH vi 1311, 187.5 
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207. Saccharoses. Cane-sugar differs from tho glucoses in 
composition , its formula, C^H^O.^, is the same as that of certain 
carbohydrates of the vegetable gum group, tnticm, etc. It crystal- 
lines with tolerable facikby in anhydrous monoclinic crystals, is 
freely soluble in cold -water, insoluble in ether, and in cold absolute 
alcohol } the latter, when heated to boiling, dissolves about 1'25 
per cent. An aqueous solution is dextro-rotatory. Hesse 1 found 
the rotatory power for (a) D to be +67 95(p- 1) and +66-60 
(^ = 10), 2 Tollens, 8 +66 -649, and +66 475(^ = 10);andSchmitz, 
+66 527. Heated for some time to about 160, cane-sugar is con- 
verted into dextrose and levulosan (C,jH 10 6 ) , at a higher tempera- 
ture it is decomposed into caramel and other products. It does 
not reduce alkaline copper solution in the cold , prolonged boil- 
ing, however, causes the gradual separation of cuprous oxido. 
Cane-sugar is only indirectly fermentable, being first gradually 
converted into glucose by the invertin of tho yeast ( 230). It 
has already been observed ( 86, 88, etc.) that a similar change 
is easily brought about by the action of dilute acids , the principal 
means of distinguishing cane-sugar from tho more important 
glucoses have also been mentioned (see 200 to 204 and 1200) 

The following saccharoses are isomenc with cane-sugar and 
classed wilh it 

Milk-sugar, which has not yet been detected with certain ty in 
the vegetable kingdom, forms rhombic crystals containing I 
molecule of water of crystallization and soluble in 7 parts of wutor 
at 10. Its rotatory power (in solutions that have boon proviounly 
heated) is () D =+ 53-63 (p = 2), Hesse found for ficshly pro- 
pared cold solutions () = +80 68. It is not directly feimont- 
able, but, like cane-sugar, is gradually inverted by yeast. Tho 
action of dilute acids results m the production of galuetoHO 
( 205) , by oxidation with nitric acid it yields largo quantities 
of mucic acid Milk-sugar reduces ammomacal silver and alkaline 
copper solution in the cold, but the extent to which reduction is 
effected when boiled with the latter reagent is less than u tho caao 
with dextrose When converted into golactose the reducing power 

^.2 aldflnm foimd (a)D " 67 09 ( Journ - da Pharm 

f, 1876) 



by the 

d d. ohem.. Ges ix. 962 1876 

' 



' 1877 ' "' 1800 ' 1878> See ^ Sohmitz ' 



208. ESTIMATION Y POLARIZATION. 221 

is about the same as that of invert-sugar, so that after inversion 
10 cc. of Fehling indicate about 0475 gram milk-sugar. 1 

To Maltose, produced together with dextrin by the action of 
diastase on starch, Schulze 3 assigns the formula O ia H220 n +H 2 0. 
It resembles milk sugar in its behaviour to alkaline copper solution. 
Boiling with dilute acids converts it entirely into dextrose, and, as 
with milk-sugar, it is advisable to invert maltose before estimating 
it with Fehkng's solution. Its rotatory power is greater than 
than that of dextrose ; (a) D = 149-5 - 150 6. Maltose is said to be 
(? directly) fermentable. With nitric acid it yields no mucic acid. 

Mditose crystallizes in needles containing 3 molecules of water. 
It is soluble in 9 parts of cold water, and is dextro-rotatory 
( + 102). Boiling with dilute acids converts it into glucose and 
eucalyn, the latter of which is not fermentable Yeast also acts 
in a similar manner ( 206), in which case the glucose produced 
ferments. With nitric acid mehtose yields abundance of mucic acid. 

Melezitose crystallizes in rhombic prisms with 1 molecule of 
water of crystallization. It is freely soluble in water, insoluble 
in alcohol and in ether. An aqueous solution is dextro-rotatory 
(94-48), and indifferent to Folding's solution , it is converted into 
glucose when boiled with a dilute acid , yields with mttic acid 
no mucic acid, and is slowly decomposed by yeast. 

MijaiM (fH'httlow) forms ihombic pusms containing 2 molecules 
of water IJoihng &pmt dissolves it tolciaLly freely, in aqueous 
solution it is powerfully dexti o-i otatory (4220), only slowly 
and incompletely teimcnted by yeast, ami corn-cited into dcxtiose 
when boiled with dilute acid for several hours It does not 
rodnco copper solution, and yields no mucic acid with nitiic acid 

208. Extwiation ly Point ration This is possible when tho 
glucose or saccharose is not accompanied by any other similar 
carbohydrate, and when tho solution contains no other substance 
(asparagino, ote ) that has an action on polaiizod light, or when 
all such substances piesont can bo completely removed, cither by 
boiling (as albumen), or by precipitation with basic acetate of 
lead (organic acids, gum, etc) ( 210). Of course tho rotation- 

i Compare 'Rodewald nnd Tollens, Bar d d chem GM xi 2070, 1878 
(Year-book riu-ini /7, 1879) 

"Bor d d ch-'in Ges vn 1047, 1874 (Yeai-book Pliaim 85, 1875), and 
Journ f Landwnthsdiaft, xxvi 67, 1878 See also O'Sulhvan, Monitenr scient 
March, 1874 ; and Ber d d. chem. Gen. is. 281, 1876 (Journ. Chem. Soc ) 
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constant of the carbohydrate in question must be known. The 
results are generally calculated from the equation 

0=4 

where is the weight of the substance (expressed in grams) con- 
tained in a litre of solution, A the rotation-constant of tho 
substance to be estimated, a tho observed rotation, and L tho 
length of the column of solution in millimetres. If the concen- 
tration of the solution has an influence on the optical activity, 
then JP, the weight of substance in grams in 100 cc. of the solution, 
must also be taken into account. 1 The sarno must be done for 
tho temperature when that exerts any influence on the rotatoiy 
power (invert-sugar) (cf 199) 

Suppose for instance a solution of grape-sugar in a tube O'l 
metre long to have shown a rotatory power +3, then (using 
Tollens and Grote's constant), 

= 1883-2 x^ 
For a solution of levulose with rotatory power - 3, 



For a solution of cane-sugar with rotatory power +3 (using 
Wild's constant), 

= 1505-6 x^ 

In the first instance the solution would contain 50 496 grams 
of dextrose per litre ; in the second, 28 302 grams of lovuloso in 
the third, 45 168 grams of cane-sugar See also 210 

209. Estimation of two Sugars. Two sugars present in solution 
together may be accurately estimated, provided that tho rotatory 
power of each is known, and the other conditions in 208 arc 
fulfilled. This is frequently the case with solutions of dextwm' 
and hwlose Neubauer 2 then recommends observing tho rotatoiy 
power, and estimating the sugar with Fehlmg's solution If tho 
latter indicates 15 per cent of sugar, then if levuloso alone wore 
present, the rotatoiy power (by sodium-light, in a tube O'l metre 

1 See Heaae, Aimal. d Ohem. und Pharm olxxvi. 95, 1875, and Tollens, 
Bei d d. chem. Ges zi. 1800 
a Ber. d, d. ohem. Ges. x. 827, 1877. 
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long) should be - 15 ( = 15 x l-O), 1 and for dextrose alone 7 96. 
Supposing now the angle of rotation observed to have been 
5 '202, that is -9 '798 less than levulose alone, the amount 
of the latter present can be calculated from the statement 

2883-3:18833 : 9-798 -a 

where 2883-3 is the difference between the rotation-constants of 
grape- and fruit-sugar J1883 3-(-1000-)f, and 1883 3 the con- 
stant of grape-sugar ; multiplying out 

x = 0-65317 x 9-798 
= 6-4 

which is the percentage of levulose, leaving 15 0-6 '4 = 8 - 6 per 
cent of dextrose. 

210. Cane- and Inv&t-sugar. A similar course may be pursued 
in other cases involving the simultaneous estimation of two sugars. 
For cane- and invert-sugar, as they occur for instance in "beet-juice, 
it is usual to determine the rotatory power both before and after 
inversion with a dilute acid. If cane-sugar is present, more invert- 
sugar will be found than would correspond to the rotatory power 
first observed. 

Accoiding to Haughton, 2 the rotatory power of mixtures of cane- 
and mveit-&ugar cannot be correctly detei mined unless the excess 
of the basic acetate of lead, u^ed to claufy the solution, is fir&t 
removed lie thinks that the lead foims a dextio-rotatory 
compound with lovulose Suth solutions containing lead are 
also said to yield inaccurate icsulfcs with Folding's solution. 

If the use of basic acotato of lead alone is insufficient to render 
such liquids as boot-juice, etc , clear and colourless enough foi 
examination in the polariscopc, it may sometimes be advantage- 
ously combined with solution of alum. It is frequently undesiiablo 
to decolourize with charcoal, as that is capable of retaining some 
of the sugar 

The presence of avpaiagme can be the source of considerable 
en 01 firstly, because that substance is itself optically active , and 
secondly, because its rotatory power vanes as the solution is acid 
or alkaline Moreovei, it is icsolved, by boiling with hydrochloric 

1 Calculated fiom equation a -^-. Neubauer takes the rotatory power of 
levuloue to be - 100 instead of - 106. 

2 Journ Chem. Soc. ix. 85, Zeitschr. f. anal, Chem. x. 490, 1871. 
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acid, into aspartic acid and ammonia, the former of which is 
Irevo-rotatory in alkaline solution, but dextro-rotatory in acid. 

Asparagine is not precipitated by basic acetate of lead, by lime, 
or by baryta ; and although aspartic acid is thrown down by lead 
salts, yet the precipitate is redissolvod by an excess. 1 

211. Estimation of three Sugars. Dupr6 2 and Apjohn 8 havo 
made the estimation of cane-, grape-, and fruit-sugar in the same 
solution, the subject of investigation. As their methods, how- 
over, involve a combination of optical and volumetric determina- 
tions in which accuracy is required in ascertaining tho amount of 
grape- and fruit-sugar present, especially in titrating, I am afraid 
their processes will at present yield only approximate results. I 
have already shown ( 85) that the volumetric estimation of 
glucose in the presence of cane-sugar is not so accurate as might 
be wished. 

212 Mannite.Of mannite (cf. 91) it may be here observed 
that one part dissolves in 6 14 to 6 31 of water at 15, and in 5-12 
te 5 '38 at 20. One part requires also 1515 of absolute alcohol 
at 17* for complete solution. Although optically inactive, as 
previously stated, it is dextro-rotatory when dissolved in a con- 
centrated solution of borax. It melts at 166", and is converted at 
200 with loss of water into manmtan. With modovatoly strong 
nitric acid it yields principally mucic and saccharic acids , with tho 
strongest acid, mtro-manmte. It is said (according to lliogol) to 
reduce gold and silver salts, but not alkaline copper solution, when 
warmed for a short time. Mannite prevents, however, tho preci- 
pitation of hydrate of copper. 

3 On sacoharometiy, and especially the estimation of invert-sugar when 
accompanied by cane-sugar, as m beet-juice, ciude sugar, etc , HOD VontAo, 
Jcrarn. f pract. Cbem. xxv 65, xxviu 101 , Kleinachmidt, Dinner's polyt 
Journ cLxxxi 306, 1867 , Anders, ibid, clxxxu 331 , Bodenbonder, 
Zeitschr f Chem. N F 11 222, 1867 ; Sohlmann, ibid 480 Thu lattoi 
authors draw special attention to the influence that lime exercises on tho 
lesults of optical determinations of cane-sugar The influence of asparagmo 
and aspartio acid has been observed by Dubrnnfaut (Dmgler's pnlyt Journ 
cxxi 305) and Scheibler, ibid clxxxi 416) Communications by Scheibler on 
the errors in optical estimations have appeared in the Zeitschr f Chom. N 1<\ 
lii 617, and Zeitschr. f anal Chem viu 211, 1869 See also Stammer, 
Dmgler's polyt. Journ. clxxxu 160, Dnbrunfaut, ibid cxxi 299,olxxxv 231; 
Landolt, Zeit&ohr f anal Chem vii 1,1868 On the influence of aaparagme, 
see lastly also Champion and Pellet, ibid, xvi 120, 1877 

2 Chem News, xxi. 97, 1870. 

3 Ibid. p. 86. See also Zeitschr f. anal Chem. is. 499, 501, 1870. 
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Duttite, or meZampyrite, is isomeric with mannite, and shares 
most of its important properties. The crystals of the former 
belong to the monocline system, those of the latter to the rhombic. 
Dulcite dissolves m three parts of cold water, is optically inactive, 
does not ferment, and melts at 182. 

Isodvlwte (rhamnodulcite) is also isomeric with the foregoing. 
Crystals of isodulcite melt at 93 to 94, dissolve in 2-09 parts of 
water at 18, and also in absolute alcohol It is not fermentable, 
but reduces Fehlmg's solution, and is dextro-rotatory, (a); =8 -4 

Eespmdin-ffugw and sorfate are also said to be isomeric with 
mannite. The former crystallizes in the monoclinic system, is 
dextro-rotatory, sparingly soluble in hot absolute alcohol, but 
more easily in hot 70 per cent, spirit. It melts at 70 5 to 76, 
and slowly reduces Fehling. Anhydrous sorbite melts at about 
110, and does not reduce Fehhng l 

213. Querwte, etc. Quercite and pinite are isomeric with 
mannitan and dulcitan and are sweet to the taste. 

Quercite crystallizes in the monoclinic system, dissolves in 8 to 
10 parts of cold water, is dextro-rotatory (+33-5), and melts 
at 236. 

Pinite is indistinctly crystalline, freely soluble in cold water, 
and somewhat soluble in dilute spirit , it melts at 150, and has 
.a dextro-rotatory power of 58 6. 

Abiditc differs from tho foregoing in containing the elements 
of a molecule of water less , it has been the subject of commu 
nications by Kochleder. 2 

ACIDS 

214. Detection of Acids In addition to the reaction of maht 
and mentioned in 81, Barfoed 3 describes another depending upon 
tho conversion of the acid, at a temperature of 160 to 170, into 
maleic and fumaric acids, with production of a crystalline sublimate 
A thud is the lime-reaction , malate of lime requires the addition 
of at least 1 to 2 volumes of spirit for precipitation, and when thus 

1 Compote BoiiBBingault, Journ de Pharm. et de Chmu xvi 36, 1872 
(Pharm. Journ Trans [8], m 28). 

" Journ f praot Ohem cv 63, and Apoth -Vei. vm 363, 1868 Tor 
cathaito-manmte, see KubU and Dragendorff, Pharm Zeitechr f K^and, 
1V 467, 1866, and Keuasler, ibid. xvii. 363, 1878 For bergemte, aee Morelle, 
Chem Centralblatt, 768, 1881 (Comptes rendus, xom 646). 

3 Zeitschr f anal. Ohem. vu. 403, 1868. 

15 
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thrown out of solution, softens on warming and aggregates to a 
mass, which becomes granular and crystalline on cooling. The 
magnesia-reaction, mentioned by the same author as a new ono, 
consists in converting into malato of magnesia cither by saturating 
the acid with oxide or carbonate of magnesia, or by mixing a con- 
centrated solution of an alkaline malate with chloride of mag- 
nesium The salt is precipitated by spirit from a hot solution, 
as a tenacious mass hardening on cooling. (Citrate of magnesia 
"behaves in a similar manner.) 

Barfoed separates malic from oxalic (219) and twtaric (217) 
acids by precipitating the last two from neutral solution by chloride 
of calcium, and throwing out malate of calcium from the filtrate 
by the addition of alcohol If tartaric acid is present, it must bo 
remembered that the calcium-salt of this acid separates but slowly. 
(See also 218.) 

In separating ctfoic (215) from indie acid the same chemist 
takes advantage of the fact that citrate of calcium requires less 
spirit for precipitation than malate. 

If malic acid is in solution with oxalic, tartatic, and citrw acid, 
Barfoed advises the precipitation of the last throe as neutral am- 
monium salts by the addition of 7 to 8 volumes of 98 per cent, 
spirit , after standing twelve to twenty-four hours the precipitato 
is filtered ofi^ and the malic acid thrown down in the filtrate with 
acetate of lead. 

Succinic acid ( 220) can be separated from make, acid, according 
to Barfoed, by converting into neutral alkaline salts, piociinlatm^ 
with acetate of lead, dissolving the precipitate in acetate of ammonia 
solution, and then separating the malate of lead by the addition 
of 2 volumes of spirit , or the concentrated aquoous solutions ot 
the neutral potassium, or sodium-salts, may lie mixed with about 
6 volumes of spirit, when the succmate remains in solution. 

For the separation of malic acid from ffnlhtannic ($3 4 9 <>l wv/ 
and 165), gallic ( 151), lenzoic (26), acetic and Jotmtc ( 13 ( J), 
acid, reference must be made to the original work 

To remove stUpliutic and plwsptoiic acids from solutions in which 
malic acid is to be detected, Barfoed recommends separating the 
first two by the addition of chloride of banum to the hot solution, 
and precipitating the malate of barium from the filtrate by tlio 
addition of alcohol. 

215. Estimation of CitncAcid. In estimating citric acid, Creuse 
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takos advantage of the insolubility of the barium-salt in. spirit 
To a neutral solution of the citrate a solution of acetate of barium 
and 2 volumes of spirit are added. The precipitate is filtered 
off, ignited, converted into sulphate by sulphuric acid, and weighed 
as such. The composition of citrate of barium is said to be 
BaaO, a H 10 O M . (Compare Zeitsohr. f. anal Chem. xi 446, 1871.) 1 

Precipitation by barium had been previously recommended by 
Kammoror as a moans of detecting citric acid, 2 If to a solution 
of a citrate excess of acetate of barium is added, a voluminous 
precipitate is obtained, which gradually becomes crystalline 
(prisms) when heated for several hours on the water-bath. The 
presence of other fruit-acids does not interfere. If the solu- 
tion is very dilute it must be concentrated after the addition of 
the barium salt, as otherwise only acicular crystals are produced. 
See further 218 to 220. 

216. Qualitative Reactions of Cihic Acid Sarandinaki has 
drawn attention to the fact that the triethylic other of citric acid 
decomposes when heated in sealed tubes to 1 10, with separation 
of a blue powder, 3 and that an aqueous solution of citrate of 
ammonium, similarly treated for six hours, also deposits a blue 
clcconipoMtion-pi oduct on subsequent exposure to air and light in 
a (hit dish Rabimm and Laskowsky 4 havo shown that neither 
tai Lane, main 1 , nor oxalic acid interferes with tho reaction which 
mu'coedN with 01 gram of citric ucid Acomtic acid comports 
itself like citiic H tho juice ol a fruit or a vegetable infusion is 
undor examination, tho citric acid can be precipitati'd as citiatoof 
load, tho ItitLur converted into citiuto of bsuium, and liimlly into 
citrato of ammonium, which can bo tested JIH above described. 

Tt may also bo obsoivod that an aqueous wolution of ciLric acid 
in optically inactive. Accoiding to Itommefahit, 100 paits of 
othe.r dissolve 10 parts of the crystallised and 13 of tho anhydrous 
acid, and can remove as much as .'3 6 parts when shaken with an 
aqueous Nolution , facts scarcely in accordance with the .statement 

1 Km quantitative automation of taitnric acid, HOC alno Jnutto, Cnmptfi 
romhiH, Kvi 417, 1R08 

3 Annal d Clu-m und Pharm, cxlvni. 204, anil ZeitHclir f anal. Cht'in 
vin 298, 1809 

1 Ikr cl d clium Gos 1100, 1872 Oompaio also Idunmarur, ibid 7l3(i f 
187fi (.Toiun Chcm Roo xxix 490, xxvm. 1178) 

* Zoitschr f anal. Ohom. xvn. 73, 1878 (Year-book Thai m 165, 1878). 

in 2 
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formerly made to the effect that citric acid was difficultly soluble 
in ether. 

217. Precipitation of Tartai-ic Add ( 82). As early as 1864, 
Berthelot and de Meurieu precipitated tartario acid by converting 
it into acid tartrate, and adding 5 volumes of other-alcohol. 1 
Jokisch and Bolley 2 have shown that acid tartrate of calcium may 
be simultaneously thrown down. 

For the estimation of the total acid in must, see Pasteur. 3 

Martenson 4 precipitates tartaric acid from a 1 per cent, aqueous 
solution of normal tartrate of potassium by the addition of chloride 
of calcium and lime-water. The sides of the porcelain dish in 
which the operation is performed should not be touched by tho 
stirring-rod On standing for several hours, the calcium-salt 
separates in crystals, and can be filtered off, washed with 80 to 
85 per cent spirit, dried at 100 and weighed ; its composition is 
then CaCiHA 4H S 

218. Estimation of Twlaric and Citric. Acid Fleischer recom- 
mends the separation of the former as acid tartrato of potassium, 
the precipitation being rendered complete by the addition to tho 
solution of twice its volume of 95 per cent spirit. The acid 
tartrate is filtered off, redissolved, and estimated by titration with 
normal alkah ( 82) 

The citnc acid is precipitated from the filtrate by neutral acotato 
of lead, washed with spirit of about 45 to 50 per cont., liberated 
by sulphuretted hydrogen, and estimated by titration with noimal 
alkah*. 

This method is directly applicable if the acids are present in 
the free state, or in combination with alkalies. 5 

1 Comptes rendus, Ixxvii. 394 

2 Dingler's polyt Journ. obmoii 47, 1867 (Amer Journ. Pharm \\xvi 60) 
See also Kissel, Zeitschr. f anal. Chem vm. 409, 1869 

8 Zeitschr f anal Chem viii 86, 1869 

* Pharm Zeitschr f Russland, viii 23, 1868 (Amer. Jonrn Pharm. xli 335) 
^ ' See also Schmtzer, Dmgler's polyt. Journ ckiv 132, 1802, on the scpaiu- 
tion. of tartanc from citnc acid as acid tartrate 

Should it appear desirable to estimate the oitnc acid directly, after removal 
of the tartanc as acid tartrate of potassium, the filtrate may be mixed with 
chloride of calcium and concentrated by boiling. The citrate of calcium that 
separates after adding lime-water should he filteied off hot, washed with boil- 
ing water, dried and weighed (258 parts of the dried ult indicate 192 of citnc 
acid) See also Allen, Zeitschr. f. anal. Chem xvi. 261, 1877. 

For detractive characters of tartario and citric acid, see Arohiv d. Phaim. 
olviii 206, 1861 ; Chapman and Smith, Laboratory, April, 1868 , Wimmel, 
Zeitschr. f. anal Chem. vii. 411, 1868. 
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If the solution contains oxalic and sulphwic, in addition to 
tartaric and citnc acids, all of them must be precipitated with 
acetate of lead (which would also throw down part of any chlorine 
that may be present) , the precipitate should be washed with 
dilute spirit and treated with ammonia (free from carbonate), 
which dissolves citrate and tartrate of lead and part of the 
chloride. The tartaric acid may be estimated in the solution by 
decomposing the lead-salts with sulphide of ammonium and acetic 
acid, filtering, and precipitating with acetate of potassium as above 
described. If chloride is present, the citric acid must be subse- 
quently precipitated from a hot solution, either as lead-salt by 
excess of acetate (washing with dilute spirit) or as calcium-salt 
in the presence of spirit ; the latter must be redissolved in acetic 
acid, and precipitated with acetate of lead. 

If hme and jphospluttes are also present (in hydrochloric acid 
solution), they may be precipitated by acetate of ammonia as 
oxalate of calcium and phosphate of iron, and washed with solu- 
tion of chloride of ammonium to avoid loss of tartanc acid as 
acid tartrate of calcium The phosphoric acid may be subse- 
quently precipitated as phosphate of lead, which is insoluble in 
ammonia. The residue of the lead precipitate, after treatment 
with ammonia, can bo decomposed by sulphide of ammonium, and 

in Lhe filtiate fioin the sulphide of lead, phosphoric, sulphuiic, and 

oxalic acids determined l>y tho usual pioces&es. 

AIulii, a/ id if present would be precipitated together with the 

citnc acid .ib calcium stilt , the former, however, is soluble in 

boiling limo-watci. 
lliiceiMc acid would be thrown down with the taitano acid, but 

could bo separated by dibbolvmg the acid taitiate and racemate 

in hydrochloric acid, suporsatuiatmg with ammonia and adding 

chloride of calcium, which, under these conditions, precipitates 

lacemate of calcium only l 
Ilacomio acid is optically inactive, whilst tartaric acid is dextio- 

rolaU>iy(a) D = +14 18(y = 5), 01 (a) D = +12 80 (j) = 15) It is 

well-known, however, that racermc acid con be made to yield 

Ian oracemic acul by suitable treatment. 

For detection of t<iittino acid in presence of malic, formic acids, etc , see 
BiAun, Zeitfachi f anal Chem vu 349, 1868 ; Kdmmerer, vm. 300, 1869. 
See alao CulleUt, xvn 499, 1878 (Year-book Pharm 150, 1878) 

i Compaie Fleuoher, Arohiv d. Ph&rm. [3], v. 97, 1874 (Journ. Chem Soo. 
xxvu. 1181). 
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Both tartaric and racemic acids are easily soluble in water and 
alcohol. See also 219, 220. 

219. Separation of Oxalic Acid. Of the acids ahove referred 
to, oxalic acid ( 81, 214, 216, 218) splits up, when heated, into 
water, carbonic acid, and carbonic oxide without separation of 
carbon. It undergoes a similar decomposition when warmed with 
concentrated sulphuric acid. In addition to the reactions already 
described, it must be observed that a neutral solution of an oxalato 
throws down bright yellow ft ysidlme ferrous oxalato, when warmed 
or allowed to stand, with a solution of a ferrous salt. According 
to Barfocd, 1 the precipitate is soluble in about 4,000 parts of cold 
water, but tolerably easily in solutions of oxalatos, tartratcs, and 
citrates of the alkalies. The reagent must therefore bo added, in 
sufficient quantity to convert the whole of the vegetable acids 
present into salts of iron, 

Ten taric acid, if present, might also yield a crystalline precipitate, 
but the colour would be dirty-white and the crystals would bo 
distinguishable under the microscope , it might bo separated by 
cold, very dilute hydrochloric acid, in which the oxalate ia almost 
insoluble. Citric acid delays the precipitation, and frequently 
prevents the formation of characteristic crystals, which, howovoi , 
may be obtained by dissolving in a little warm hydiochloric acid 
and neutralizing with ammonia. 

Oxalic acid can be isolated from oxalate of cakiwii (ij 110) for 
the purposes of further identification by dissolving m hydro- 
chloric acid, and adding sufficient sulphuric acid to convoit into 
sulphate, which can then be completely precipitated by tlio 
addition of an equal volume of spirit Or tho oxulato may lio 
dissolved in the smallest pomble quantity of dilute nitnc acid, piu- 
cipitated with nitrate of lead, and liberated from tho Icad-snlL by 
sulphuretted hydrogen (Of. 81, 218, 220, whoio the estimation 
of oxalic acid is discussed ) Oxalic acid requires 10 parts of cold 
water for solution, but only 2 parts of alcohol. 

220. Succimc Acid ( 214) is also one of those organic com- 
pounds that are not blackened by concentrated sulphuiic ncid, 
and leave no carbonaceous residue when heated on platinum foil, 
or in a test-tube. In the latter case the major part is volatilized 
without decomposition. It differs from oxalic acid in being loss 
soluble in cold water (about 1 m 15 at 20), and in being spar- 
1 'Lehrb. d org. quaL Analyse,' Copenhagen, 1880. 
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ingly dissolved by alcohol, and to but a very slight extent by 
other. The occurrence of succinic acid is frequently mentioned 
in plant-analyses of less recent date, but in many instances confir- 
mation of such statements is required. And even if that were 
forthcoming, tho question might be raised as to whether the acid 
had not been produced by a process of fermentation that might 
have taken place during the manipulation. 

Tho following reactions may serve for the identification of 
succinic acid 

Chloride of barium precipitates from a solution of an alkaline 
succinate (in presence of alcohol) a crystalline barium-salt, which 
is soluble in about 250 parts of water, but almost insoluble in 
alcohol Hydrochloric acid dissolves it, but acetic acid takes up 
only small quantities at the ordinary temperature* 1 

Chloride of calcium also throws down a crystalline salt from 
concentrated solutions of alkaline succmates. The precipitate 
dissolves, according to Barfoed, in about 50 parts of water, but is 
very sparingly soluble in alcohol. If the precipitation takes place 
in tho presence of alcohol tho salt is at first amorphous, and subse- 
quently ossumoH a crystalline condition. It dissolves in warm 
dilute acetic acid, and in boiling solution of chloride of ammonium. 
(Distinction from oxalic acid ) 

Swcmato oi load is likewise crystalline, but complete separation 
takes place- very slowly UUMC acotate oi lead thiows clown an 
iinioinhouh salt, Ken 10 chlonrto produces l>iomnsh-rcd amor- 
phous pioniiitutoH in solutions ot normal alkiilmo BUCunatoB, but 
doon nob foim msolublo compounds with oxaktos 

Innoiuualintf <mr//r *"" "'"'""" tt(Jltl ^vantage may bo taken 
of tho Holubihty of ammonium Hucehmlo m spinl. Borfoocl 
MMmiuloH /rn/iri'/r fiom *rr,nir ao.d in Uio form of acid tartrato of 
poUussmin in dm pioHonco of hydrocHlonc add and alcohol Ch- 
it, may bo ppcoipitato.! by mixui K tlio hot HoluUon with chloiido 
,,f ammonium, .ul.lmfi chlon.lo of calcium and cooling Ct//i/ <ul 
may bo Hcpavatod in a Hiiniliu manner, but in this case the mixtuio 
must bo boikul until tho wholo of the citrate of calcium has boon 
thrown down ; or tho Bolution may bo boilod with calon,lo o 
baiium and lilU-nul wlnlht hot from the piocipitatort citiato ot 
barium Tho liltnito contains the succmato of bnnum, which can 
1, thrown clown l>y alcohol after cooling ( 215). 
i Huo Bftifood, loc. tit. 
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For the separation of malic acid, see 214. 

221. FumamG add can also be sublimed, and, like oxalic and 
succinic acids, yields a precipitate with acetate of lead that 
gradually assumes a crystalline condition (81, 214). It 
differs from malic acid in its slight solubility in water (according 
to Lassaigne about 1 in 260 at 17"). It is much more easily 
soluble in hot water, and is also dissolved by ether and by cold 
spirit. The solubility of the silver-salt is extremely slight , 
manganous fumarate is also sparingly soluble in water, but freely 
in spirit. The acid potassium and acid ammonium salts are not 
very soluble in water, and scarcely at all in cold SO per cent 
spirit Lime-water does not precipitate fumanc acid. 

Maleic acid is isomeric with the preceding, and, like it, is op- 
tically inactive and yields a crystalline lead-salt It is freely 
soluble in water, but cannot be sublimed without decomposition. 

Kimc add may also be mentioned here. It is precipitated by 
ammoniacal, but not by normal acetate of lead, and whon 
saturated with i1Tr of lime, yields at first a calcium-salt soluble 
in water. 

Many other vegetable acids can be separated from kiuic acid 
by precipitation with normal acetate of lead, the filtrate, aftoi 
removal of the excess of load as sulphide, can bo fiood from 
sulphuretted hydrogen, boiled with milk of lime, concentrated, 
and allowed to stand, when a crystalline deposit of kmato of 
calcium will gradually separate, or more rapidly if spirit is added 
The presence of Idmc acid in the deposit may bo demonstrated 
by heating with sulphuric acid and black oxide of numganoao , 
the quinone thus produced is volatile, crystallizes in yellow 
needles, and can be detected even in traces by ita lodmo-hko 
odour (167, arbutrn) 

Kinic acid and its silver-salt are easily soluble in water. 1 

222. Lactic Acul Although the occurrence of lactic acid 111 
living plants has not been placed beyond doubt, wo must devoto 
a few lines to it hero, as it is frequently produced from cai bo- 
hydrates when vegetable infusions are allowed to stand, aiid is 
therefore often met with m plant-analysis It can be detected by 

1 3Tor rubichloric acid, which occasionally accompanies kimc acid and, like 
it, is only precipitated by alkaline acetate of lead solution, see Schwai/, 
Sitzungsber. d Akad d W in Wien Math nat 01 26, 1852 Rubichloric 
acid IB decomposed with simultaneous separation of green insoluble ohlorrubm 
when its aqueous solution is boiled with dilute hydrochloric acid 
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shaking the aqueous liquid with ether. On evaporating the 
ethereal solution, it is obtained in the form of a syrup, easily 
soluble in water and in alcohol Both the calcium and lead salts 
are freely dissolved by water, the former requiring about 10 parts 
at the ordinary temperature. Lactic acid can thus be separated 
from many other acids by precipitation with acetate, or, if free 
acids are present, by digestion with carbonate of lead or calcium. 
Lactate of calcium, is further soluble in boiling 85 per cent spirit, 
and crystallizes from hot saturated spirituous and aqueous solu- 
tions on cooling. 

From a spirituous solution of lactate of lime other throws down 
an amorphous precipitate, which gradually becomes crystalline. 1 

The magnesium and zinc salts are also crystalline ; the former 
is best prepared by precipitating a concentrated solution of lactate 
of soda with clilorido of magnesium in tho presence of alcohol ; 
the latter is frequently of use in detecting lactic acid. Lactato 
of magnesium requires about 30 parts of cold water for solution, 
of zinc about 60 ; both are far moro easily soluble in hot water. 
If tho presence of lactic acid is suspected, tho aqueous solution 
should bo concentrated, digested hut with oxido of zinc, cooled, 
and examined under the microscope It should show bundles of 
needier and Kulia'.rociyhtalhiio masses, OM well an four-aided pi isms 
juid wedge-shaped ciystals. Paralaetate (aai colaotate) of zinc in 
much moio easily soluble, roquiiing only about G parts of cold 
water Auiculai c.iystals aiu also obtained if uubonatu of silver 
in used instead ot o\ido of zinc,, they nro soluble m alcohol 

Air-dry lacUlo oi ealciuin contains 29 '2 JK.M' cent of water and 
1H .'} per cent, of oxide, ol nilomm 

The zinc-Halt contains IS J poi cent oi water and 27 .'J por 
cent of oxide of zinc. 

S 223. Uliicolir, Acid Olycohu ncid is homologous with lactic 
acid, and resembles) it in many oi lU piopeitios It has boon 
bund 111 the juice of uniipo ginpes Kthoioal aohiLions yield the, 
acid in crystals which moll at 78" to 79 ', and are partially 
volatile in the vapour ol water without decomposition (Jlycolato 
oi barnim dissolvoH in 7 9 paits of cold water, of calcium m HO S, 
of zinc m .'U'G, of load (normal Halt) in .'51 17. The last tlneo 
can be obtained in crystals. The precipitate produced by basic 
acetate oi load in very sparingly soluble (about 1 in 10,000), and 

1 Compnro Uaifood, loc cil. 144 
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can therefore be made available for tho separation of tho acid ; 
the basic lead-salt can be converted into the normal by tho action 
of dilute nitric acid Glycohc acid can be isolated by shaking 
with ether. Its calcium-salt contains 23-09 per cent, of oxide of 
calcium, its normal lead-salt 62*48 per cent, of oxide of load. 

ALBUMINOIDS, ETC. 

224 Estimation. In 96 the albuminoids have boon estimated 
by multiplying the nitrogen found by 6-25. This calculation io 
based upon the assumption that albuminoid substances contain 
16 per cent, of nitrogen l Attention has, however, boon frequently 
drawn to the f act, thatmost albuminous substances contain moro than 
16 per cent of nitrogen, those of cereals, leguminous fruitR, etc., 
can be estimated to contain at least 16 60 per cent. ; tho factor C'O 
has therefore been recommended in such cases as preferable. But 
even then the results obtained will bo too low if tho material 
under examination contain much conglutin or glnulin 8 (aa, for 
instance, lupin seeds, almonds, brazil-nuts, wheat, etc ), UB 
conglutin contains 184, and gliadm (235) 18'1 pov cent, of 
nitrogen. When, therefore, large quantities of those bodies are 
present, Eitthausen advises multiplying by 5-5. 

225 Legumn.Ii the experiment described in $ 93 lias shown 
the presence of legmim (vegetable casein), tho maceration should 
be repeated in the cold (best at a temp of 4 to fi") for about, 
five hours, the clear liquid decanted off, and tho macoruUon 

1 It was foimerly assumed that they contained 15 por cent of nitrogen, 
and the amount of the latter was therefore multiplied by 3!J That tho 
nitrogen found in alkaloids, albuminoids, etc , by tho method of Vaiu-nti,i]ii> 
and W01 is too low has already been shown by V. d. Bmg (Zeitwhr 1 mini 
Chem. iv 322, 1865), Nowak (ibid, xi 324, 1871), and Heogon and Nowulc 
(ibid xii 316, 1873 , xin. 460, 1874) Meusel exprcBRea himHolf to tho con- 
trary (ibid v. 197, 1866). Marcker has bhown (Ann.il d Landwirthsoh xn. 
619) that the error is not so large if the soda lime used IB free from miurnrain. 
See also KreuJer (Zeitschr f ann l Chem xu. 3B4, 1873) ; M.irokor (ibul 
221); Marcker und Abesser (ibid 447); Johnson (ibid 446), tti 
(ibid xin 240, 1874), Settegast (ibid rvu 601, 1878). On tho 
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toon of nitrogen, see also Nowak (Zeitschr f anal. Ohem. xii 102, 1873) ; 
Malms (ibid xvi 249,1877); Habermann (And. xvn. 376, 1878) , Pllugcr 

il^hlTl h f 8 , IT 117> 1879) ' Hanko < Berd ^ chom! Gos. x,i. 
( wAf * ^v 298 
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f. anal. Chem. xvui. 601, 1879). 
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repeated once more. The legumin can then be precipitated as 
described l 

During all these manipulations, the exclusion as far as possible of 
the carbonic acid in the air is most strongly to be urged It would be 
liable, in most cases, to cause an error by partially or completely pre- 
cipitating albuminoids allied to (perhaps identical with) legumin, 
such as globulin, or vegetable vitellin. 

If tho material has not been previously entirely freed from fixed 
oil (and this is nob always possible with petroleum spmt) the 
precipitated legumm must be finally washed with absolute alcohol 
and with ether, to remove the oil mechanically retained by it 

226. Extraction with Dilute Alkali Ritthausen has observed 
that the strongly acid reaction of many freshly powdered seeds 
decreases on keeping Now strongly acid liquids are less suitable 
for the extraction of legumm than neutral or alkaline , Weyl, 2 
moreover, assorts that fresh seeds contain no legumm, and ex- 
presses it as his opinion that this substance is produced from 
vitellin and myosm during the manipulations. The differences 
that can thus anso are extremely inconvenient. It must also be 
observed that pure water frequently extracts but very small 
quantities of legumm fiom vegetable substances containing that 
body, and that tho major part is removed only by dilute alkali. 
This poition of the logurnin (casein, 3 glutencasem, conglutin, 
vogotablo iibnii) will tlieiofoic bo dissolved when tho residue in- 
soluble m water is ticated with dilute (0 1 to '2 poi cent ) soda 
or potash (& 103 to IOC) It the pvosonce of legumin is suspected 
it is advisable to extract, at a tompoiatuio of i u to G. (See also 
S23J) 

Should luettualnc at id ( 195) and legumm lie extracted togethoi, 
a total estimation must first bo made, and the nitrogen then de- 
termined in a part of tho precipitate, from which tho amount of 
legumm present can bo calculated 

A cm lent of carbonic acid might be passed through the alkaline 
extract to jwcortain whether globithn (vitcllm, myosm) can be thus 
precipitated (8 9,'J) , should tins prove to be tho case, it might bo 

1 Compaio ItiUh.uison, lor < it 141 

2 Beiti / Kunntmssd thior und pflanz Eiweihqkoipoi Uiss 1877 
Tho Hubta.uceH lieu- leferrocl to agree m most of their properties, but 
exhibit coi tain diffeicuocB , thus, glutcmcosem contains moie tnlphur, and is 
inoio onaily aolublo in acetic acid than legumin Ritthauben advocate* the 
UHO of tho word 'coai-m' aa a group-designation 
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rapidly filtered off with the help of a filter-pump, washed with 40 
to 50 per cent spirit, finally with absolute alcohol and with cthor, 
dried and weighed. 

227. Isolation ofFttelhn,etc. Grains of vitellin 1 (aleurono, otc.) 
may he frequently isolated from substances containing them in 
large quantities, by a process of elutriation with olive oil, 2 or it 
mixture of oil and petroleum spirit. 3 Freed from oil witli 
petroleum spirit, vitellin dissolves in water at 30 to 40, uiicl con 
be precipitated from such a solution by a current of carbonic acid. 
To obtain it m crystals the precipitate is digested witli ealcmoil 
magnesia at 35, filtered whilst warm and cooled. Schmiodoborg 
considers these crystalloids, as well as alourono ilsolf, to Lo 
compounds of vitelhn with alkalies or alkaline oartha. Tho 
crystals are doubly refracting. 

228 SeparatwnofVitdlinftomMyosin. According to Woyl,' 1 
vegetable vitelhn may be distinguished from vegetable inyosm by 
requiring, in a solution containing 10 per cent, of common salt, a 
temperature of 75 for coagulation, whilst myosm coagulates at 
55" to 60. The latter, which has also boon found in polatoun, 
passes into solution when the residue, after treatment with w.itor, 
is macerated with 10 per cent solution of salt Small pieces of 
rock-salt suspended in such a solution (previously neutralised with 
carbonate of soda) cause the gradual precipitation of tho myosm, 
which, however, can be redissolvod by the addition of a hLllo 
water. Myosm may be separated from vitelhn by diluting thu 
solution largely with water, precipitating both with cai borne ucid, 
dissolving in dilute salt-solution and coagulating at tho toinpura- 
tuie stated 

229. Estimation Experiments made by Libonus/' Oirgen- 
sohn, 6 and Taraskewicz, 7 have shown that tho albumen of blood- 
serum, eggs, etc, can be estimated with tolerable acorn acy l>y 



1 A similar substance occurs in the seeds of Pmus cembia Huo 
Pharm Zeitschr f Rusaland, 520, 1880 

3 Compare Maschke, Cham Centralblatt, 804, 1858, and Saohbao, ibid 583, 
1876 (Jouru Cham Soc xxxu, 200). 

3 Compare Schmiedeberg, Zeitechr f. phys. Chem i. 206; HiUliaiiBon, 
Archiv f die gas Phys xvi 301 (Journ Chem. Soo xxwv. 618). 

* LOG Clt. 



i n 



'Beitr z quant Eiweistbest DISH Dorpat, 1870 

6 'Beifcr z Albuminometne and z. Kenntnias d. Tanniaverb d. Albummato 
Diss Dorpat, 1872 

7 Emige Methoden z. Werthbest d. Milch. DIBS. Dorpat, 1873. 
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means of the tannin reagent mentioned in 95, and Cramer- 
Dolmatow has found that extracts from one and the same plant 
yield concordant results when titrated with the same reagent It 
must be left, however, for further experiments to show what veget- 
able albuminoids can be estimated in this way 

230 Estimation, continued A grawmeb ic estimation wth tanmn 
will generally yield higher results than can be obtained by coagu- 
lation ( 94). The source of the difference is to be looked for 
partly in the deficiencies of the latter method, and partly in 
the fact that a number of albuminous substances soluble in 
water are not coagulated by boiling with dilute acetic acid, but 
are nevertheless precipitated by tannin. For this reason the 
results obtained by the tannin-method will generally agree better 
with those yielded by precipitation with alcohol Nevertheless, 
I do not recommend the omission of the estimation by coagulation, 
for if the difference is considerable, that is, if the estimation by the 
tannin-method yields much higher results than that by coagula- 
tion, it proves that another albuminous substance is present, which 
is not coagulated by boiling. It is only when the difference is 
small that the presence of vegetable albumen alone may be in- 
ferred , it may then be estimated by precipitation by tannin. 

To render the coagulation-test as reliable as possible, I have 
recommended chloride of Rodium to be added, and the precipitate 
to bo washed, first with boiling water, and subsequently with 
dilute apint If tho chloiiilo of sodium is omitted the piecipita- 
tion is gonoially loss complete, and prolonged washing, especially 
with cold water, is liable to ledissolvc part of the albumen 

Ferment* Simultaneously with the albumen a number of other 
substances may bo partially or wholly precipitated, which, although 
agreeing with albumen in many respects, have been too little 
investigated from a chemical point of view to justify their being 
classed straightway as albuminoids I refer to the so-called /<>?- 
mcnts Like albumen, they contain nitrogen, and are precipitated by 
strong alcohol, etc , most of them, piobably, are coagulated like, 
or together wit h, albumen when boiled m aqueous solution They 
are distinguished from albumen by their fermentative action, which 
evinces itself in various ways Diastase, like saliva, conveits 
starch into sugar, whilst invertm changes sacchaiose into invert- 
sugar Vegetable ferments allied to pepsin (papayotm) peptomze 
albumen. Myrosm decomposes myromc acid, emulsin amygdalm , 
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but emulsm does not attack myromc acid, nor does invortin 
convert starch into maltose and dextrin, otc. It is easy, there- 
fore, to detect diastase in malt, invortm in yeast, cmulsrii in 
almonds, etc., the presence of which is anticipated. The liquefaction 
of starch-paste, the conversion of cane-sugar into invert-sugar, the 
development of hydrocyanic acid and oil of bitter almonds, are 
changes so striking and so promptly effected, that the qualitative 
detection of the ferments producing them leaves nothing to bo 
desired But the varied nature of the ferments themselves and 
of their action renders it exceedingly difficult to detect them in 
vegetable substances that have not previously boon examined, as 
a general reagent applicable in such a case is yet unknown. It 
must be admitted that attention has been drawn to the fact that 
the ferments liberate oxygen from an aqueous solution of peroxide 
of hydrogen, to which a little tincture of guaiacum has boon 
added, and thus produce a blue colouration of the mixture. But 
it is hardly to be expected that this property should bo shared by 
all ferments, or that it should be peculiar to them alone. 

231. Estimation of total Albwmen The total albumen soluble 
in water can be estimated by means of acetate of copper, provided 
that no tannin or other substance precipitated by the same reagent 
is present in solution The precipitate produced by an excess of 
the acetate is filtered off, dried, weighed, and ignited, the resulting 
oxide of copper being deducted. 1 

If other substances are thrown down with the albumen the 
nitrogen in the precipitate may be determined, and from that the 
albumen present calculated. Katthauson 2 and Taraskowicz 3 have 
proved experimentally that the precipitate contains the whole of 
the albumen, casern, etc. 

232 Estimation continued Sostini 4 considers it advisable to 
precipitate with acetate of lead In cases m which ofchoi nitro- 

1 In some instances it is necessary to add a considerable excess for complete 
precipitation of the albumen In an experiment mode by Taroskowicz with 
casein, 1 gram of oxide of copper (in the form of acetate) was found to pic- 
cipitate 4 19 gram of casein ; but for complete piecipitation an amount of 
acetate coi responding to 4 55 grams of oxide hod to be added 

3 Loc at 34, etc. , Ritthausen and Settega^t, Archiv f d ges. Phys xvi. 
293, 1877. See also Morner, Upaala L,ikareforen Forhandl xu. 476, 1877 ; 
ITausbender, Bar. d. d chem. Ges. xin. 1818, 1880 (Joura. Ohem Soo. \1 
205) 

8 Loc dt. 

4 Landwirthaoh. Versuchsst. zx. 305, 1878 (Jonrn. Chem. Soo. xxxiv. 740). 
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genous substances accompany the albumen in aqueous solution he 
advises the determination first of the total nitrogen ; a part of the 
original substance is then to be boiled with water for an hour, 
made distinctly acid with lactic acid, mixed with acetate of 
lead, and filtered ; the insoluble residue is dried and the nitrogen 
in it estimated. He thus assumes that all the nitrogen not 
present in the form of albuminoids passes into aqueous solution, 
and the nitrogen m the insoluble residue after precipitation with 
lead indicates the total albumen, both soluble and insoluble. 

In addition to the foregoing precipitants, some of the group 
reagents for alkaloids phosphomolybdic, phosphotungstic acid, 
potassiomercuric iodide, etc. also throw down albuminous sub- 
stances ( 63). Phosphotungstic acid precipitates peptones, and 
might therefore be used for their estimation in vegetable infusions 
previously freed from albuminous substances by coagulation or 
precipitation with lead. 1 

1 See Sohulze and Barbien, Landwirthsch Versuchsst xxvi 213, 230, 234, 
1881 (Journ Chem Soo. xl 312) , Chem Centralblatt, 714, 781, 747, 761, 
1881 ; Defresne, Report de Pharm viu. 453, 1881 ; Hofmeiatei, Zeitschr f 
phya Chem iv 253, 1880 

From the lesulta recently obtained by Schulze and Barbieii, it appears pro- 
bable that peptones aie of far more frequent occuuence than could have been 
anticipated Aa plantb contain peptonmng feimenta, the possibility must not 
lio ignored of peptones being produced during the preparation of aqueous rnfir- 
hions , they aie also occasionally found leady foimed in plants Tha following 
aie the rnoie important piopeities of peptones They yiuld with water solutions 
fiom which thoy aie precipitated by alcohol, and ri.<hse,olved by the addition 
of watoi Kbtun.itioii, howovei, by piucipit.itrmi with alcohol is said to yield 
unsatisfactory results In aqueous holution thoy aio not coagulated by wann- 
ing, noi are thoy thiown down by nitnc acid, alum, furiocyamde of potassium, 
or acetate of lead, but they aiu precipitated b\ tannm , and in the pru&unce of 
neutral Halts (sulphate of magnesia, etc ) tho nepaiation is often veiy complete 
Peptones are precipitated, as above stated, by phosphotungstic acid, and thin 
takes place in an acetic acid solution ; a property tliat enables us to sepaiato 
thorn from othei nitrogenous substances thiown down by the same zeageiit 
from solutions containing a mineral acid The most important reaction of 
peptones in the so-called bmret reaction An aqueous solutron of a peptone 
assumes a pure red colour on the addition of caustic soda and veiy dilute 
holution of hiilphate of copper (avoiding excess) ; Fehhng'^ solution produces 
the same effect, The following might temporarily be recommended as a 
suitable method for the detectron of peptones The (fresh) matenal to be 
examined is triturated with sand and water, strained, washed with water and 
pressed The liquors are united, acidified with acetro acid, warmed and 
filtered from the coagulum From the filtrate any albuminoids remarnmg in 
solution are precipitated by the addition of acetate of lead, or, better, by warm- 
ing with basic acetate and hydrate of lead, and filtered off. The clear liquid 
is then rendered strongly acid with sulphuric acid, and the peptone precipitated 
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Precipitation by phenol and calculation from the nitrogen 
contained in the precipitate has been recommended by Church l for 
the estimation of the albuminoids in vegetable infusions, in the 
presence of amides, etc. 

My experience in precipitating albumen, etc., with phenol 
compels me to doubt the possibility of always obtaining complete 
separation by this means. Sestmi has also expressed himself to 
the same effect. 

233. Extraction imth Dilute Acid. It has already been observed 
that the residue of a vegetable substance, after exhaustion with 
water, yields albuminous substances to dilute alkali. The sumo IB 
the case with dilute acid (2 12 per cent HOI), the substancoB 
extracted being gluten, fibrin ( 235), ghadin, mucedm, etc. But 
the albuminoids brought into solution by these two solvents do 
not appear to be always identical , at least Wagner found thai, 
the amount removed by dilute alkali (after exhaustion of the 
material with water) did not coincide with that extracted by acid. 
(Oompare also 111, 106). It might nevertheless in many 
cases be desirable to ascertain to what extent the substancos allied 
to albumen resist the action of water, dilute alkali (of. 226) aud 
dilute acid respectively. 

In estimating the value of certain vegetable substancos as foods, 
it will often be found desirable to determine what proportion of 
proteids are dissolved by the combined action of pepsin and 
hydrochloric acid after the material has been exhausted with water. 

From experiments that have been made in this direction it 
would appear that hydrochloric acid and pepsin dissolve more thim 
the former alone 2 In making such estimations I should recommend 
100 cc. of water, 1 gram of 33 per cent hydrochloric acid, and 1 

by phosphotungstio acid The precipitate is filtered off as rapidly as popmiblo, 
washed with 5 per cent sulphuric acid and transfeircd whiLl ulill moiat to a 
mortar It IB then tnturatod with excess of hydrate of baiyta, waimod for 
a short tune and filtered. If the filtrate is colomloss, the bmret-tast can bo 
applied , if yellow, it oan frequently he decolourized by adding a little acetate 
of lead, and filtering off from the precipitate thus pioduced Animal charcoal 
should not be used, as it absorbs peptone Schul/e and Baibion, who pi ex- 
posed the foregoing method, have obtained approximate quantitative resultn 
colorimetncally 

1 Landwirthaoh Yersuchast xxvi. 193 (Journ. Ohem. Soc. xxxviii 588). 
See also Seatrni, loc at. 

2 See Kessler, Versuche uber die Wirkung des Pepsins auf einige animal, 
u. vegetab. Nahrungsmittel. DIBS. Doipat, 1880. 
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of good pepsin to bo taken for every 2 grams of finely powdered 
substance. Starch, if present in largo quantity, might with 
advantage bo previously converted into maltose and dextrin by 
boiling, cooling to 40, and digesting for four hours at that 
temperature, after adding O005 gram of active diastase. 

234. Extraction with Spirit. Somo of the albuminoids in- 
soluble m water attract our attention by their soliMltty in tyrint, 
as, for instance, those known as glulenfibrin, gliadin (or vegetable 
gelatine), and muccdin. In seeds only have theso three substances 
been detected with certainty ; they remain undissolvod when the 
material containing them is treated with water, or, at most, the 
mucedin alone is partially taken into solution. They would bo 
removed, however, by the dilute alkali used for the extraction of 
the glutencasom ( 226), and it is advisable therefore, in looking 
for these substances, to treat the material with spirit previously 
to extracting the glutencasem with alkali. Port, however, of the 
glutenfibrin and a little gliadin would bo loft undissolvod, and would 
be subsequently found with the casern (S 226) The spirit should 
bo used cold, and should be of a strength of about GO to 80 per 
cent The maceration must extend over a considerable period, 
and the spirit bo renewed several times. The united extracts are 
distilled until tho Htrongth of the spirit is rodueod to 40 to HO per 
cent (not loss) On cooling, a clour slimy IIUISH separates, con- 
sisting principally of (/lutcii/ibi in mixed Avith a Imv (locks of glnton- 
caHom and possibly hit (which is, however, bottcsi removed liy 
petroleum spnit bolovo troatm withtilcohol) If the majority of 
the spirit is distilled oil 1 from tho cluai liquor a second pi enpilate 
will form, consisting principally of r/liinfin, and iii,ti'(tin,, and a 
further quantity of tho same two substances (impure) can l>o ob- 
tained by neutralizing tho filtrate with a little potash and con- 
centrating 

All tlioso precipitates arc tntuiatud with absolute alcohol until 
they become hard and solid. 1 Fat, if piosont, is removed by 
treatment with other 

Wo aio as yot unacquainted with any method of separating tho 
glutenfibnn, gliadin, or mucodm for quantitative dotoi munition 
Wo must thoroforo content oursolvos with making a total ostnna- 

1 Tho Hpuil dissolves a httlo yliiltii\filrrui t which can nubHoquc'iitly 1>i> pvcoii)!- 
latod by other. 

1C 
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tion, and applying a few qualitative tests to show the presence of 
one or more of the substances referred to. 

236 Properties Glutenfilmn. Glutonfibrin is insoluble in 
water and in absolute alcohol, but dissolves easily in warm 30 to 
70 per cent, spirit, separating again on cooling. 1 It is also taken 
up by cold 80 to 90 per cent, spirit. Prolonged boiling with 
water converts it into, a gelatinous substance insoluble in spirit, 
acids, or alkalies. Glutenfibrin dissolves with facility in cold 
dilute acids (acetic, oitnc, tartaric, hydrochloric), and in alkalies ; 
with ammonia, lime- and baryta- water it gelatinizes. It is pre- 
cipitated from both acid and alkaline solutions on neutralizing, 
and is also thrown down by acetate of copper. 2 

Gliadm is characterized by its tough, slimy consistency. It is 
sparingly soluble in cold water ; a considerable quantity dissolves 
on boiling, but, like glutenfibrin, it undergoes simultaneously 
a partial decomposition. G-liadin is insoluble in absolute 
alcohol, but dissolves in 60 to 70 per cent spirit, both cold and 
warm (especially freely in the latter). In general it resembles 
glutencasem in its behaviour to dilute alkalies and acids, but 
ammonia, hme- and baryta- water dissolve it. Boiled with con- 
centrated hydrochloric acid it yields a bluish-brown solution. It 
is precipitated by acetate of copper, but not by mercuric chloiulo. 
Attention has already been directed (224) to the high percentage 
of nitrogen in ghadm. 

Mucedm is far less tough and elastic than ghadm, and is more 
easily soluble in 60 to 70 per cent spirit. It is precipitated h-om 
a cold solution by 90 to 95 per cent spirit in Jloch or / mile 
masses (solutions of ghadm become milky) ; stirrod up with water 
it yields a cloudy mucilaginous liquid, which clears uguiu 011 
standing ; but, if warmed, the aqueous solution bocomon cloudy 
and remains so for a considerable period, till finally a ilocky inuas 
separates which is only partially soluble in acetic acid and spirit 

a On concentrating such solutions the glutenfibnn forma a skin on tho sur- 
face of the liquid* which dissolves again on stirring. G-kadin and mucodm 
do not exhibit this peculiarity 

3 aiutenfibrin agrees with maize-fibrin in most of its properties ; tho latter 
contains onty 16'6 (instead of 16'9) per cent, of nitrogen, and IB insoluble, or 
only partially dissolved, by dilute acetic, oitnc, tartario and oxalic acids. 
Zander has recently reported on another albuminous substanco solublo in 
^ 68 ^ Sam6n d6B Xanthiim Strumanum.' Disa. 
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In its other properties it agrees fairly well with gliadin. (Compare 
also 237 ) 

236. Ghtfen. Gkde'ncas&in, gMenfibrin, gliadm, and mucedm are 
the principal constituents of the so-called gluten which possesses 
such importance as a food. An estimation of total gluten is 
generally made by rubbing down 10 to 20 grams of the meal to 
a paste with water, transferring to a fine linen cloth, and washing 
with distilled or rain-water until the washings, on standing, deposit 
only traces of starch. The mass is then pressed, scraped from 
the cloth, and dried on watch-glasses, finally at a temperature of 
115 to 120 ; it should then be powdered and dried again until 
the weight is constant In this method of estimating gluten it 
"will be found advantageous to add a weighed quantity (1 to 
2 grams) of purified bran, the weight of which is afterwards, of 
course, to be deducted from that of the total gluten. 1 

According to Bonard and Girardin, 2 the amount of gluten found 
varies if the mixture is allowed to stand before washing with 
water. It would be advisable to begin washing about three hours 
after mixing the meal with water 

237 Substances dissolved ly Dilute Alkali, not pivcvpitated by 
Acid awl Spirit. In estimating motarabic acid and albuminous 
substances sparingly soluble in water, as directed in $ 103 and 206, 
it will not un frequently bo observed that tho total substances ex- 
tracted by dilute alkali aio con&idoiably in excess of those pre- 
cipitated by acid and alcohol A part of tho former, thovofoio, 
must still remain in solution, and will bo recovered, together with 
acetate of sodium, by evaporating tlit liltrato (8 107). Wo may 
expect to find horo the constituent* of (jlntcn (including gliadin) aiid 
products of their decomposition. After distilling off tho majority 
of the spirit, they might bo precipitated with acetate of copper, 
and estimated as directed in 231. 

Tho substances not precipitated by this reagent are probably 
allied to, or derived from, vegetable mucilage, they may bo 
estimated by removing tho excess of copper with sulphmottcd 
hydrogen, evaporating to drynoss and weighing, deducting tho 
acetate of soda present. 

With icgord to tho latter, I may observe that it cannot bo cal- 
culated from the amount of soda mod, but must bo estimated by 

1 Compare Arohiv d Fhorm. cxcv. 47, 1871. 

3 Journ. do Pharm ot do Oliim [6], iv 127, 1881 

1C 2 
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incinerating a portion of the dried residue, and calculating from 
the carbonate of soda in the ash. In many analyses made in my 
laboratory, the amount of soda in solution has been found to be 
much smaller than was expected from calculation ; part of it was 
evidently retained in the insoluble residue 

238. Other Nitrogenous Substances "We possess hardly any 
knowledge at all of the nitrogenous substances that are not dis- 
sobed by water, alcoM, or dkdi. I have already stated ( 234) that 
they may sometimes be extracted by hydrochloric acid and pepsin, 
but Treflner's researches on the chemical composition of the 
mosses, alluded to in 106, prove that this is not always the case. 
I will here only remark that, in estimating tho nutritive value of 
a plant, such substances cannot, without further consideration, be 
considered as albuminoids. 

AMINES AND THEIR COMPOUNDS. 

239. Monammes. According to A. W. Hofmann, monaminos 
may be distinguished from other amines by means of tho isomtnlo- 
reaction, as the latter do not evolve the characteristic odour of 
that compound when warmed with alcoholic potash and chloro- 
form. 

Another reaction for monammes consists in warming an alcoholic 
solution with bisulphide of carbon, by which a sulphocarbamido of 
the base is produced. This compound, when hoatod with an 
aqueous solution of mercuric chlonde (not in excess) develops an 
odour of oil of mustard. 1 

240. Foi the sepaiatwn of ethylamme from diethyl- and tnetliyl- 
amvne by means of anhydrous ethyloxalato, see A W. Ilofmann / 
the author subsequently availed himself of tho method in separ- 
ating the methyl bases. Carey Lea 3 recommends picric acid foi 
the ethyl bases 

In Hofmann's method the ethylamine is converted into diothyl- 
oxamide, which can be recrystalluzed from water, and yields 
ethylamine by distillation with potash. 

Diethylamwne yields under the same conditions oily ethylic di- 
ethyloxamate, which can be purified by distillation (boils at 260), 
and converted by potash into diethylamme. 

1 Ber. d. d. ohem. Qes. ui 767, 1870. 

3 Journ. f. pract Ohem. Ixxxiu. 191, 1861 , Oomptea rendus, Iv. 749. 1862. 

8 Ohem. Centralblfltt, 76, 1868. 
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Triethylamine is not attacked by ethylic oxalate, and can be 
separated from diethyloxamide and ethylio diethyloxamate by 
distillation (B.P. 91). 

The three corresponding methyl bases behave in an exactly 
similar manner. Trimethylcmms boils at 4 to and can easily be 
separated from the crystalline methylethyloxamide and the liquid 
ethylic dimethyloxamato (B.P. 240 to 260) by distillation. 

241. Estimation. Sachsso and Kormann z have published a 
method for the approximate estimation of amides, based upon their 
decomposition by nitrous acid with liberation of nitrogen ; the 




Vig 10 

latter gas is collected and moaimiod, and from it the amount of 
amido 01 iginally present is calculated 

The apparatus titiod for the estimation is shown in Figs 1 and 1 1 . 
The generating vcsaol A is of about, fiO to 60 cc capacity, and 
closed with an nuliaiulibor cork bored with throo holes, through 
those there pass two funnel-till >OH, <i and b, and a bent dohvoiy 
tube c, to which in altuchod, by means of a long indiaiubbor tube, 

1 Ltindwirlhsoh VoimichsHt xvn 321 (Journ. Chom. Soo. xxvii. 784) ; 
Zoitschi. f annl Chcui xiv. 380, 187fi. 
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a curved glass point d. About 6 cc. of a concentrated aqueous 
solution of nitrite of potassium (free from carbonate), together 
with nearly an equal quantity of water, is introduced into the 
generating vessel The lower parts of the funnel-tubes, that is 
up to a little above the tap, say about e, are also filled with water, 
so as to displace the atmospheric air. Dilute sulphuric acid is 
now poured into one funnel, and a weighed quantity of the amide 
dissolved in water into the other, taking care not to allow my 
bubbles of <w to adhere to the sides. 




Fig. 11. 

The atmospheric air in the apparatus has now to bo displaced, 
and this is effected by running sulphuric acid, little by little, into the 
nitrite solution, by which nitrous acid and nitric oxide are evolved. 
To ascertain if the displacement is complete, 5 to 10 cc. of the gas 
from the generating vessel are allowed to pass into the measuring 
tube (Fig. 11) previously filled with solution of ferrous sulphate. 
Not more than O'l cc should remain unabsorbei Fresh iron- 
solution may be introduced, if necessary, from the flask B, as sub- 
sequently described. The apparatus is now ready for the com- 
mencement of the actual experiment The measuring-tube, stand- 
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ing in a pneumatic trough, should be capable of holding 60 to 60 
cc., and be graduated to 0-2 co. It is filled with the iron-solution 
contained in B by opening the clip h and blowing through the 
shorter bent tube in B , by this means the solution can be run into 
the pneumatic trough ; on opening / and sucking at g the solution 
rises in the tube until it reaches and passes /, which should then 
be closed 

After replacing the clip Ti t the bent point d is introduced under 
the measuring tube and the solution of the amide allowed to run 
from the second funnel-tube into the generating vessel, rinsing with 
a little water, but keeping the tube from e downwards full of 
liquid. Small quantities of sulphuric acid are allowed to run into 
the generating vessel from time to tune, when the evolution of gas 
becomes sluggish, taking care that the measuring-tube always 
contains sufficient strong solution of ferrous sulphate ; this can be 
ensured by frequently opening the clip h and allowing the solution 
from B to run into the measuring-tube. The end of the decom- 
position is recognised by the liquid in A assuming a permanent 
blue colour from excess of nitrous acid. The remainder of the gas 
is then driven out by filling the entire apparatus with water 
through the second funnel-tube until it flows into the measurmg- 
tubo through d. The delivery-tube is now removed, and the 
whole of the mtuc oxide absorbed by the introduction of fresh 
iron-solution After closing the clip h, the delivery-tube from B 
is drawn out of the measuring-tube, and the latter transferred to a 
doep cylinder, where the iron-solution is removed as far OB possible 
and replaced by caustic soda to absoib carbonic acid. When this 
has been effected, the measuring-tube is lowered in the cylinder 
until both liquids have the same level The volume of gas is now 
read off, reduced to and from it the amount of amide originally 
present calculated, deducting 1 cc. as unavoidable error caused by 
the atmospheric air mixed with the nitrogen , 28 parts by weight 
of nitrogen indicate 150 of crystallized asparagme, 131 of leucme, 
and 181 of tyrosine. ( 191, 192). 

242. Amidic Acids. The amidic acids referred to in 101 are 
freely soluble in water and 60 per cent spirit, requiring consider- 
able quantities of strong alcohol for precipitation, so that in this 
respect they resemble such substances as dextrin, levulin, etc 
They are precipitated therefore with, or in the place of, dextrin 
and the like, but differ from these bodies in containing nitrogen. 
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The precipitate obtained as dextrin (cf. 76, 198, 199) must 1)0 
tested for nitrogen, and if much is found, experiments must, 1)0 
made to ascertain whether any one of the following substances 
is present It may sometimes bo (yppmvwtdy ostimatojl, 
if found, by mixing the aqueous solution with alcohol till 
it contains about 50 to 60 per cent, filtering, evaporating tho 
filtrate to a syrupy consistence, and now precipitating wi!/h 5 to 
6 volumes of absolute alcohol From tho amount of nitrogen in tho 
precipitate the quantity of amidic acid present may bo calculated. 

Cathartic Acid occurs in senna, in tho baric of Khamnus frangulu, 
and probably also in rhubarb * It is a glucosido, yielding by ita 
decomposition sparingly soluble cathartogenic acid and 34*1 por 
cent, of glucose. According to Kubly, cathartic acid 2 contains 
1-48 to 1 51 per cent of nitrogen, cathartogonio acid 2-40 per- 
cent The latter is easily produced by heating an aqueous solu- 
tion of cathartic acid with access of air; in fact, Lhat substanco 
decomposes with great facility in the presence of buses and tiir. 
In senna and rhubarb it is contained chiefly in combination with 
bases (the alcohol precipitate containing 4 to 5 per cent of ash) , 
but in Ehamnus frangula it appears to occur, partly at leant, in 
the free state It is a strong purgative. 

Husson 8 estimates the quality of a rhubarb by ascertaining 
the amount of iodine an infusion is capable of absorbing , but 
Greenish 4 has shown that this method does not yiold lolmldo 
results. 

Sclerotic Add 6 is a constituent of ergot, and contains abouL 4 '3 
per cent of nitrogen, but no sulphur ; its activity IH noL denti oyod 
by acids, etc., if in contact with them for a short period only In 
solubility it resembles cathartic acid. Its action, when injocLod 
subcutaneously into frogs and other animals, is that of a powerful 



1 Compare Kubly, 'TJeber das wirksame Princip nnd oinigo andoro . 
d. Senneablatter.'Diss Dorpat, 1865, and Pharm Zoilachr f Itiuwlaml, iv. 
429, 466 On Ehamnus frangiila, see also Pharm Zeitschr i RnnHliuiel, v 1 (JO, 
1866 On rhubarb, ibid vi 603, 1867, xvu. 66, 97, 1878 (Phann. Jourii and 
Trans [31 ix. 818, 933, 1879). 

3 Probably alao sulphur, cathartic acid from Ehamnua fiaiigula bnrk con- 
tains less nitrogen 

8 Union Pharm. 99, 1876 {Tear-book Pharm. 344, 1875). 

* Phann Journ. and Trans [3], ix. 813. 

B Compare Dragendorff and Podwisaotzki, Archiv f. exper. Palholog. imd 
Pharm. 153 18/6; Sitz-Ber. d Dorpater Naturf Ges 109, 8D2, 1877 (Miami. 
Journ. and Tram [3], VL 1001). 
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poison. 1 It IB precipitated by tannin and basic acetate of lead, 
and from concentrated solutions also by chlorine-water and 
phenoL It does not share with albuminoids the reactions men- 
tioned in 92. 

On keeping ergot for any length of time, part of the sclerotic 
acid appears to be converted into an allied substance containing 
6 6 per cent, of nitrogen, which has been named sderomucin. It 
can be extracted with warm water, but requires less alcohol for pre- 
cipitation than sclerotic acid. Diffused in water whilst stall moist, it 
forms a mucilaginous liquid , but once dried, it is not dissolved by 
cold water, and not with facility by walrm. It resembles sclerotic 
acid in its action and other properties. 

STABOH, LIOEBNIN, WOOD-GUM, ETO. 

243. Starch. Starch is not, as is well known, a homogeneous 
substance, but it is nevertheless usual, and very properly so, to 
estimate the whole of the carbohydrates of which it is composed 
as directed in 113 to 115. Formerly three principal con- 
stituents of starch were generally distinguished first, one striking 
a blue colour with iodine, and passing into solution when 
starch is triturated with powdered glass and water sohiMe starch, 
amiduhn, e amijlon (Bechamp) , secondly, a substance character- 
ized by its insolubility in cold water, solubility m saliva, etc., and 
by tho blue colouration it yields with iodine, ffianulose, the prin- 
cipal constituent of all starch , and thiiclly, cellulose, which, in the 
form of a mombiano, gives to the starch gi am its particular shape, 
is coloured yellow by iodine (after boiling with water, violet), and 
is converted by chloride of zinc into a substance that is tinged 
blue by the same reagent. 

Some years ago Nageli 2 stated that in his opinion there ex- 
isted two different modifications of amylon, which he called Uue 

1 From 03 to 04 gram produces in frogs a swelling of the skin and almost 
complete paralysis, commencing at the hinder extremities Irritants produce 
no effect, and indeed the animal gives no other faign of life than an occasional 
feeble contraction of the heart Although its condition may appear to improve 
in the course of five to seven days, it sometimes succumbs to a relapse 

" Annal d Chem und Pharm. olxxm 218, 1874 (Journ Chem Soc xwiii. 
6fi See also Musculus, Annol de chim. et de Phys 11 385, 1874 (Pharm. 
Journ and Trans. [3], v. 3) ; Musculus and Gruber, Journ de Pharm et do 
Chim \xvin 308, 1878 (Journ Chem Soo. xxxiv 778) ; Bondonneau, Hepert. 
de Phaim. in 231, 1876 (Journ Chem Soc. xxix 365) , Journ. de Phaim. et 
de Chun xxm. 34, 1874 ; Bechamp, ibid 141. 
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and yellow, according to the colour they yielded with iodine. 
These two were connected by intermediate modifications striking 
violet^ reddish and reddish yellow colours with iodine, differences 
which are probably referable to variations in the density. In accord- 
ance with this theory the several modifications vary in tho rosiskmco 
they offer to solvents and chemical agents. As the bluo modification 
is the most easily attacked, it might be considered to bo that of 
lowest density. It is followed by the violet, red, etc., in succes- 
sion up to the yellow, the densest form of which shows a grout 
resemblance to cellulose. When starch is boiled tho bluo modifi- 
cation passes into solution, carrying with it a littlo of llio yellow. 
If the former is removed by allowing it to decomposo, tho yollow 
modification separates out. From, a solution of tlho luttor, pro- 
pared by prolonged boiling with water and concentrating, crystals 
of amyl<Hlex&nn can be obtained, which are coloured yollow by 
iodine. 

The bodies above referred to occur in different proportions in 
the different varieties of starch, and the amount of either prosonl 
might possibly be found to be characteristic of tho starch under ex- 
amination. It might, for instance, be ascertained by comparative 
experiments how long the action of an acid of certain strength 
must be continued before the blue or red colouration with iodino 
ceases to be produced For the isolation of tho^&wmoth/mition, 
formerly called cdhlose, yamykn (Bechamp), I have rocoimnondod 
digestion at a temperature not exceeding 60, with 40 IMU-LW of a 
saturated solution of chloride of sodium containing 1 por cent, of 
hydrochloric acid, and washing with .rater and dilute ,,iriL I 
have thus obtained 3-4 percent from arrowroot, 2 3 per cent 
to i wheat-starch, and 5 7 per cent, from potato-starch 

^~ A Wue colourafc ion of tho cM-wdl, fc fro- 
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carbohydrates are hydi ocelluloses, Sack as are formed from cellulose 
by the action of concentrated sulphuric acid or chloride of zinc, is 
a matter for further inquiry. If the treatment with the above 
oxidizing mixture of chlorate of potash and nitric acid ( 119) is 
continued long enough, such substances are always destroyed 
Some of them are soluble in boiling -water. This is the case 
with one contained in the asci of certain lichens (Cetraria), etc., 
from which it is extracted, together with hchenin, by boiling 
with water j hence the erroneous idea that the lichenm itself was 
coloured blue by iodine. 1 

Berg's researches have shown that if 'fe decoction of the Hchenin 
be allowed to gelatinize by cooling, cut into pieces and 
macoratod in distilled water, the whole of the substance that 
strikes a blue colour with iodine passes into solution, from which 
it con be isolated by precipitation with alcohol, although impure * V 
and not free from ask After drying it is to a great extent in- 
soluble in water, and is converted into sugar by boiling with dilute 
hydrochloric acid (4 per cent, of acid of sp. gr. 1 12) for a period 
of two hours, a change which is not effected by pure water The 
glucose produced is dextro-rotatory, and as the decomposition takes 
place tolerably smoothly, the amount of the substance, which we 
may temporarily call liclwn-s>tai c/i, can be determined by estimating 
tho sugar thus formed Lichen-starch dissolves tolerably easily in 
ammonia of sp gi. 9G, and is precipitated from this solution by 
spirit. It appeals to bo moio difficultly soluble in dilute alkalies, 
and is not converted into sugar by diastase or saliva 

24i). Jjudienin. Licliemu is characterized by its property of 
gelatinizing, which is exhibited by a solution containing 1 in 60. 
It is insoluble m cold water, alcohol, and ether , boiling water 
dissolves it, as do also ammomo-sulphate of copper and concen- 
trated (20 to 30 per cent.) potash From its solution in strong 
potiish it can be precipitated by alcohol in the form of a potas- 
sium-compound containing up to 10 pei cent, of alkali. Concen- 
trated hydrochloric acid also dissolves it, but with simultaneous 
(partial) decomposition. When boiled with dilute acid it is 
converted with oven more facility than lichen-starch into a dextro- 

1 Compare Borg, 'Zur Kenntniss dea in Cetraria iblandica vork Lichemns 
nnd iodbl.iuotiden Stoffss,' Diaa. Dorpat, 1872 From Berg's experiments it 
would appuur that the formula C 8 H 10 S would indicate the composition of 
lichen-Blaich better than C^H^On ; the same is true of lichemn 
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rotatory feimentatte sugar, so that this method may be adopted 
for its estimation. Ammonia dissolves it with difficulty, and 
it undergoes but little change when heated with potash in 
sealed tubes ( 115). 

Gfelose, 1 the gelatinising constituent of many algro, agrees with 
Hchenin in most of its properties, but is insoluble in ammomo- 
sulphate of copper, and is less easily converted into sugar. By 
decomposition with dilute acids, arabinose (lactose) is produced m 
place of -the glucose yielded by lichenin. The geloso appears to 
be accompanied, at least in Sphrerococcus hchenoidos, by a carbo- 
hydrate 2 soluble in dilute 1 ' hydrochloric acid, but differing from 
pararabiu ( 112) in yielding glucose when boiled with on acid. 

246 Woodrgum, Thomson 8 found that wen ligneous tissue, 
previously exhausted with water, spirit, antfyery dilute alkali, 
was macerated with caustic soda of sp. gr. 1 !, a substance was ex- 
tracted, the composition of which he ascertained to bo C b H 10 O 5 , 
and which he named wood-gum It can be isolated from its 
solution in soda by acidifying and adding alcohol. "When once 
dried, cold water will not redissolve it , this is, however, effected 
by boiling. It is precipitated by basic acetate of load, is converted 
into glucose by boiling with a dilute acid, and is not coloured blue 
by iodine An alkaline solution is tavo-rotatory It differs 
from lichenin in not possessing the power of gelatinizing, from 
metarabin in not being dissolved (when dry) by 1 per cent 
solution of soda. 

A similar substance was obtained by Pf oil 4 from paronchymatous 
tissue (agreeing, however, m composition bettor with the formula 
C 12 H 2 20 n , a hydrocellulose), by Troffner from mosses, and by 
Greenish from algae. 

CELLULOSES, LIGNIN, AND ALLIED SUBSTANCES. 

247. Celluloses, etcFr6mj and Terrell 5 assume that woody 
tissue is chiefly composed of three different substances, which they 
distinguish as cellulose, incrusting substance., and cuticular sub- 

1 Compare Morin and Porumbaru, Comptes rendtu, xo. 924, 1081, 1880 
(Year-book Pharm 120, 121, 1881). 

a Greenish, Archiv d. Phann [3], xx 241. 

8 Journ f pract Cham [2], xix. 146, 1879 (Year-book Phaim. 99, 1880). 

4 Loo. erf. 

8 Journ. de Pharm. et de Chun. vii. 241, 1868. 
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stance. The first is said to be the only one capable of resisting 
the action of chlorine-water, it can be isolated by the method 
detailed in 116. The authors overlook the fact that several 
units per cent, of a substance probably isomeric with cellulose 
(? intercellular substance), removable by chlorate of potash and 
nitric acid, are left associated with the cellulose. 

The cuticular substance alone is said to be insoluble in a nurture 
of 1 eq of sulphuric acid .with 4 eq. of water ; it can be isolated 
by treatment with acid orihat strength, followed" by washing with 
pure water and dilute alkali & 

The inarusting substances are estimate|i*y difference. 

In a more recent publication, the authors observe that the 
following are the , jgincipal substances they would expect to find 
in tissue previously!$xhausted with indifferent solvents-. 

Cellulose, soluble in ammonio-sulphate of copper. 

ParacelMose, insoluble in the same until after it has been acted 
upon by acids. 

MetacelMose (fungin) insoluble in ammonio-sulphate of copper. 

All three modifications of cellulose are soluble in HgSQ^ 2H 2 0. 
(Compare also 248). 

VasculQse t insoluble in HgSO^ 2H 2 0, and in ammonio-sulphate 
of copper ; soluble in alkalies only under increased pressure, anil 
decomposed by treatment with chlorine-water, followed Ly wash- 
ing with dilute alkalies 

Cutose, insoluble in HySO^, 2H y O, and m aminomo-sulphato of 
copper, but solublo in alkalies under the oidmary pressure. 

Pectose, convertible by acids into solublo pectin. 1 

I would observe that the substance designated as vasculoso 
(formerly called incrusting substanoo), agrees in the main with 
my lignin ( 116). Lignin cannot, unfortunately, bo separated 
from cellulose without decomposition, and it is therefore impos- 
sible to adduce direct proof that it does not consist of a mixture 
of several chemical individuals Nevertheless, I think ij^roliablo 
thfljun some instances the cellulose is accompanied by_ a. single 
definite substance, 'ligum,' , Stackmann 3 exhausted vegetable 
substances rich in hgmn with the indifferent solvents already 
alluded to, as well as with dilute soda and dilute acid, and then 
determined the approximate composition of the lignin by making 

1 Comptea rendus, Ixxxih 1136 (Journ Chem Soc. xxxi 229) 

3 ' Studien Tiber die ZuBommeuBetzung <L Holzes.' Dies. Doipat, 1878 
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an ultimate analysis of the material that had been thus treated, 
bothbef ore and after the action of chlorine-water. Several varieties 
of wood yielded tolerably concordant results. The lignin of 
dicotyledons appeared to contain between 53'1 and 59 6 per cent, 
of carbon, 4'4 and 6 3 per cent, of hydrogen, 34-1 and 38 f 9 per 
cent, of oxygen ; the majority oE Ms results agree very well with 
FT. Schulze's 1 (0 = 55 -5, H = 5'8, = 38 6) \ but German walnut 
and mahogany show a little variation, probably due to the larger 
amount of foreign substances they contain. All the dicotyledonous 
woods examined by Schulze and Stackmann must have contained 
at least one substance in notable quantity, viz. wood-gum, which 
was not discovered until after the publication of Staokmann's 
work. Experiments made by Schuppe, 2 at my suggestion, showed 
that poplar wood contained 3 25 per cent, of wood-gum, mahogany 
3 37, American walnut 4 56, German walnut, 6-32, oak 6 03, and 
alder 7'09. Deducting the wood-gum present, the average amount 
of lignin in the majority of woods is about 17 per cent, 
(mahogany 20 - 4), and its mean composition, 60 '66 per cent. C, 
4-66 per cent H, and 34'80 per cent O. In this respect it ap- 
proaches catechin, many tannins and phlobaphenes, and agrees 
fairly well with the hgnin of coniferous woods which contain no 
wood-gum. Stackmann found about tbe same quantity of hgnin 
in the wood of gymnosperms as Schuppe did in that of angio- 
sperms, viz. 16 to 17 per cent 

| Koroll 3 found the hgnin of Bclerenchymatous tissue (hozol-nut, 
walnut) to contain from 51 '5 to 54 '2 per cent, of carbon, 4 8 to 
6 '5 per cent of hydrogen, and 401 to 44 7 of oxygen, and esti- 
mated its quantity at 14 - 3 to 15 '7 per cent A substance re- 
sembling wood-gum also occurs in the scleronchymatous tissue of 
nut-shells. Bast-fibres (lime and elm) yielded him 14 -5 to 15 8 
per cent of hgnin, containing 53 6 to 54 9 per cent, of carbon, 
4'9 to 6'0 per cent of hydrogen, and 40 1 to 40 4 per cent, of 
oxygen. 

On the other hand, from the outer birch-bark (rich in cuticular 
substance,) chlonne-water extracted 11 per cent, of a substance 
of an entirely different composition; viz. = 72 '7, H = 78, 
= 19-4. (Of. 260.) 

1 'Beitr z. Kenntniss d. Ligmns.' Rostock, 1856. 

^ a Beitrage z. Ohemie d. Holzgewebes Diss. Dorpat, 1882. 
8 ' Quant, chem. "Outers uber d. ZuBammensetz. d, Kork-, Bast-, Soleren- 
ym. und Markgewebea. 9 Diss. Dorpat, 1880. 
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The tissue of turnip, chicory-root, and elder-pith, which is 
principally parenchymatous, yielded hardly anything to chlorine- 
water. Pfeil also came to a similar conclusion with regard to the 
tissue of apples. 1 

The substance formerly known as siiberm is in part the cuti- 
cular substance just alluded to ; it should, however, be observed 
that under this name less recent authors understood a mixture 
of fat, wax, tannin, etc. 3 Siewert has published a minute in- , 
vostigation of the substances that accompany suberin, but not of 
the suberin itself ; our knowledge of that substance is but very 
insufficient, and I can only state that ft is not dissolved by the 
usual solvents, that it is more easily attacked by certain oxidizing 
agents than hgnin, but is more difficult to remove completely by 
digestion with chlorine-water. Nitric acid of sp. gr. 1*3 attacks 
it very energetically ; and with an acid of sp. gr. 1 4 the action *, 

may be so violent as to cause ignition. It resists chromic acid 
more powerfully than hgnin. "Whether suberin really yields the 
cenc and suberic acids that have been obtained by the decom- i< j 

position of cork is still a matter of uncertainty. j| 

Siewort estimates the amount of subenn in cork at 90 per ,) 

cent. , but I think this is too high. I feel convinced that the j 

residue he speaks of as subenn must have contained a consider- (j 

able quantity of true cellulose. (Koroll found 50 per cent in I' 

the outermost parts of birch-bark ) 

In my opinion, the hardening substance of many woody fungi ") 
is possibly identical with suberin. 3 

For the mien ocJiemwal chimcteis of cutm, hgnin, etc., see also 
Vogl 4 and Poulsen 6 (See also 249.) 

The remarkably constant proportion existing between the 
amount of cellulose and hgnin, etc., present in varieties of wood, 
raises the question whether these two substances do not occur in 
combination with one another The attempt has frequently been 
made to regard the substance of the cell-walls of hgmfied tissue 

1 LOG at. 

a Compare Siewert, Zeitschr. f d. gea Naturw., xxx 129; Journ. f. pract. 
Ohem. oiv 118, 1888. See also Hohnel, Site -her der pbys. math K d Akad. 
d. W m Wien, 1877 ; Bot Ztg. 783. 

3 Compare my 'Chem. Unters emes an Betula alba vork. Pilzee.' MSB. 
Petersburg, 1864. 

* Zeitsch d. osterr Apotheker-Ver 1867, 16, 34, 60. 

6 ' Boianisk Mikiokenu ' Kgobenhavn, 1880 
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as a special chemical compound (gluco-lignose, gluco-drupoKo of 
Erdmann). Erdmann assumes that it is decomposed by hydro- 
chloric acid with production of glucose, together with lignoso or 
drupose, and that -with nitric acid it yields oolluloso, whilst the 
liguose or drupose undergoes further decomposition. Bonto, 1 
who doubts the existence of gluco-drupose, shows that wood-colls 
(1 lignin) yield pyrocatechm when fused with potash. 

248. Cellulose. The cellulose obtained from various plautfl 
in the manner indicated does not appear to bo invariably of the 
composition 6 H 10 5 . That isolated by Stackmanu from coni- 
ferous wood was represented by the formula 5(0 II 1() O n ) + H a (), 
and the cellulose that certain sclerenchymatous and bast-tiflsuoH 
yielded to Koroll was of similar composition. The latter chomint 
also prepared it from parenchymatous tissues, and then it generally 
possessed a composition approximately indicated by tho formula 
B (C fl H 10 O fi ) + 2H 2 0, whereas the wood of most dicotyledons 
contains, according to Stackmann, a cellulose of tho foi-nmlu 
5 ( C 6 H i<A) + 3E 2 fr t 11636 experiments tho substance wan 
exhausted with water, alcohol, dilute soda, dilute acid, a mixture 
of one part of sulphuric acid with four of water, and chlonno- 
water, previously to being treated with nitric acid and chlorate 
of potassium. Schuppe has shown that tho action of tlio 
sulphuric acid, the use of which I recommend to bo discontinued, 
results in the formation of a hydro- cellulose If tho treatment, 
with sulphuric acid was omitted, the cellulose obtained from 
woods corresponded in composition to tho formula C I I ,,0 Duf, 
the cellulose isolated from apples by a process that dill not in- 
clude treatment with sulphuric acid showed a deviation in com- 
position from the formula C H 10 C . 2 

The cellulose of fungi (of 249) frequently shown a com- 
position corresponding almost exactly to the formula (XII 
_ 349. Fin leties of CelMose.-The variations observed in celluloses 
isolated from different plants is partly to bo ascribed to the above- 
mentioned difference in composition, and partly probably to varia- 
tions in density. For instance, the cellulose of most phanerogams 



9 Compare the doasertatioafl of Pfed and Trefeer already quoted. 
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is dissolved by ammonio-sulphate of copper, 1 and reprecipitated 
in an amorphous condition Toy dilute acids ; but that of many 
fungi is either insoluble or taken up to a slight extent only, and 
then with great difficulty. Concentrated sulphuric acid and syrupy 
solution of chloride of zinc render cellulose capable of assuming a 
blue colour with iodine , 2 but in some instances the reaction is 
found to fail, 8 and Schulze's reagent for cellulose, which is not 
without its value as a micro-chemical reagent, cannot therefore in 
such cases bo employed for colouring the cell-wall The facility, 
too, with which cellulose can be converted into glucose varies. 
Masing observes tliat fungus-cellulose undergoes the change more 
easily than flax-fibre. 4 

250. Crud& Fibre. From what has been said of the isolation 
of cellulose, it follows that the crude fibre of the physiologist and 
agricultural chemist cannot be exactly identical with that sub- 
stance. To estimate the crude fibre, the material is generally 
boiled for half an hour, first with 1 per cent, sulphuric acid, and 
then with 1 per cent caustic potash! The residue is exhausted 
with cold water, alcohol, and ether in succession, dried and 
weighed In this crude fibre we may anticipate the presence of a 
little undocomposocl wood-gum, hgnin, and subenn, as well as 
part of tho hydrocollulosos mentioned in 117, 244 

An apparatus that may bo used with advantage in this deter- 
mination haH boon described by Holdefleiss. 6 

I T propaio tliiH ruuijcmt by precipitating hydrato of copper fiom a solution 
of the tmlphalo by dilute caustic soda, rapidly filtering oIT, piossing and 
dissolving in tlio requisite quantity of 20 par cant solution of ammonia 

a Tho reagent known as Hcliul/e'a can bo prepared by dissolving 25 parts 
of dry chlorido of zinc and 8 of iodide of poliuumm in 8J of water, and adding 
OH much iodine ou Iho solution will take up when waimcrl for a shoit timo 
with it 

8 On cellulose of fungi, see Masing, Pliann Zoifachr f Rutland, ix 385, 
1870 Richter (Chem Oentralblatt, 483, 1881) has recently domed the 
oxmtonco of a special fungus-cellulose as the prolonged action of caustic 
alkalies converts it into ordinary cellulose But is it not probable that such 
treatment actually pioduces a chemical change * 

4 On cellulose see Payen, Annul, d Sciences naturelles, \i 21, xiv 88 , 
Fromborg, Ann.il d Cham und Phaim hi. 113 ; Heldt and Itoclileder, 
ibid, xlviii. 8 ; Hchloaaberger and Doppmg, ibid In 106, Sehlossberger, ibid 
ovii 24, 1868 , Pohgot, Oomptes rendus, Ixm. 209, 1861 , Knop and Bchnoder- 
mann, Jouin f prakt Chem xxxix 363, xl 389 , Henneborg, Annal d 
Chem und Ph.uni. cxlvi. 130, 1869 , Konij, Zeitachr. f aual Chem xm. 242, 
1879. 

II Coinpaio Holdofleiss, Zeitschr. f. Anal. Chem. xvi. 498, 1877, and 
LandwirthBoh. Jahrb. Supp. vi. 101. 

17 
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PERCENTAGE COMPOSITION OF THE CONSTITUENTS 
OF PLANTS MENTIONED IN THE FOREGOING 
WOEK 
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66 98 
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53 
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8 00 
740 
62 
6 43 
1282 
01 
5G8 
669 
1066 
6 00 
848 
6 98 
787 
705 
5 95 
643 
075 
605 

4 92 
515 
508 

63 
724 
11 36 
765 

5 26 
11 69 

643 
6 

833 
1166 



38 62 
4 

16 8J) 
3333 
10-81 
3200 
2985 
41 
61 -47 
10 20 
40 2 



L'H 
'0 



1C 
<)() 
,'J7 
9 01 
26 01 
If) 75 
10 (>() 
33 31 
61 47 
15 41 
15 11 
20 23 
32 <)'.) 
19-10 
35 65 
23 20 
00 
1778 
5063 
103!) 
2740 
1620 
31 00 
14-72 



15 Si 
7 11 

21 'Jl 
7 HI 

51 



4 60 



4 18 
1037 



7 10 
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NAME. 


POEMULA. 


0. 


H. 


O. 


N. 


S. 


Butyl alcohol . 
Butyric aoid . 
Caffeine 
Caffeo-tannio aoid 
Calloednn 

OflflQQlU 


0<H 1() 

14 W 7 


6480 
5456 
4948 
5675 
64-9 


136 
90 
5-15 
5-41 
7-6 


21-6 
86-86 
16-61 
87-84 
27-5 


28-86 




Oallutannio aoid 
Camphor 
Cane-sugar 
Caoutchouc . 
Oapaloln 
Oaprio acid . 
Caprio aldehyde 
Oaproic amd . 
Oapryl alcohol 
Oaprylio acid . 
Oapsaloin 
Cardol . 
Carotin 
Oarthamin 
Oarvol . 


? 

dgBJlo" 
8 H lfl O a 

cfoH"c/ 


58-24 
61-63 
7894 
4210 
88-24 
59-26 
69-76 
7692 
6207 
73-84 
66-67 
7000 
8025 
8437 
6675 
8000 


788 
4-30 
10-68 
643 
11-76 
617 
11 62 
1282 
10-35 
13-84 
11-11 
929 
955 
937 
540 
938 


84-38 
44-17 
10-58 
51-47 

34-57 
18-61 
10-28 
27-58 
12-32 
22-22 
2071 
10-20 
626 
3786 
1077 






Oaryophyllra . 


]0 H J0 


7894 


1063 


1063 






Caliuchin 
Oatoohu-tanmc acid 
Cathartomanmte . 
Cathartic acid 
Cellulose 
Corlo acid 
Corotic acid 
Oovotyl alcohol 
(jutianc iicid 
Ootyl .ilcohol . 
Chelidomnu 
(.'holidomc acid 


O fl H 10 O fl 

V 

c'.lii'.V 


6096 
6248 
3956 
6757 
4444 
6423 
7902 
81 81 

to oo 

"8 08 
>800 
15 (>f) 


4-81 
4-66 
769 
6 12 
617 
877 
317 
411 
4 11 
3 y& 
f> OS 
217 


3423 
3288 
5275 
34 96 
4939 
2700 
7 81 
4 05 
5 56 
737 
4 32 


1 60 
12f)t 


0'85 


Ohlorophyllau (1371*) 
GholoHturm 


C.olI-i-O 


"3 t 

Sill 


fi 7. r > 
!) 7 
2 If) 


20 !)fi 
!) , r )7 

:i 71 


7 33 
f> 02 




Cholm 
Olnytiarobm . 


<yi,,N() a 


"2;ii 


2 .$<) 
f> 2'2 


-0 11 
'2 17 


1157 




ChiyBoihammn 


o 'i i r< > 


iS '2'i 


1 (>1 


7 13 






Chiyuophanic acid 


(j r n o 


7o h7 


8 ')! 


5 jj) 






ChiysDpiciin 


(J jj ('} n\ 


70 hi 




1 81 






( hnchoiuno, Cmohomdmc 


(j I|, Jsf () 


"7 fi 1 ) 


7 'ia 


5 11 


o xi 




(huehona ud 


C ,11 O (">} 




r> i!) 


1 18 


u uo 




( hiiihoiui-tannic ncid 


Ujlljo,,, (') 


1 81 


5 3{ 








Cinchona-nova lud 




1 01 


5 If) 


-'{ (> 1 






Gmchoiiii-iio vtt Liniiic aci 1 1 


C. ll O 


'2 01 


5 88 


211 






Cmimm<.'iu 


C" 11 ( ) 


O'(i7 




i) 15 






Cimiaimo acid 


U!!H'O, J 


'2 I) 7 


5 n 


1 (>2 






CJinnamic alddiydo 


1 M J 

II H () 


1 81 


6 0(i 


2 1'5 






Oitnoacid 


c: (1 i[ H o 7 


7 50 


4 17 


S'JJS 






Cnicin . 




:) no 


7 00 


00 






Coeaino 


t|I.,iWt> 8 


(i 11 


o r>7 


2 -If) 


4 81 




Coduino 




2-21 


7 02 


(>0() 


4 t),S 




Colohicomo 


c 17 ir",N() 


3 14 




r> -20 


4 158 




Colchicmo 


C^Il^NO,, 


5 


:5 82 


a r>o 


4 ir> 




Colocyiithm 






7 17 


2 7f) 






Columbui 


C ai Hj.,(] 7 


5 28 


5 GO 


y 0,5 







172 
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NAME 



FOBMULA. 



0. 



H. 



O. N. 



H. 



Conesaine (Wrightine 



Oonhydnne . 

Oonifenn 

Oonune 

ConvaHamann 

Convallann 

Oonvolvulin 

Ooriamyrtin . 

Cotom 

Crocin . 

Crotomo acid 

Oubebm 

Cumarin 

Curagao-alom 

Ourarme 

Ouroumm 

Cnsconine 

Oyclamin 

Cyolopm 

Cytisine 

Daphnin 

Dafaacin 

Delphinine 

Delphinoidine 

Dextrin . 

Digitalm 

Digitomn 

DigitorLa 

Ditaine . 

DnlRB.TnH.-pfn , 

Dulcite . . ! 
Elatenn 

Ellago-tanmo acid 
Ellagio acid . 
Eraodm . 



B 

CH 16 N 



MfoQXi. 27 a.\ j 1 

<JnH,A 
0] H,0 19 

" ~~^ ~TCrrf 
'3C a 



OH^O, 

OoqlajL>in 



Encohn 

Erythnte 

Erythrocentaunn 

Ethyl alcohol . 

Engenm 

Eugenol 

Enphorbon 

Evenuc aoid 

Evernimc acid 

Ferulae acid . 
Pilicm 

iFranguuo acid 
Fraxm 
IVmt-sugar 
fumario acid 
Galactose 
Galitannic acid 
Grallio acid . 
Gardemn 
Gtelaemine 
Gentisin 



C 1U H 13 2 
c inH lu 4 

81: 

Aft 
AXA 



783 
60-2 
67 1 
661 
76-8 
639 
6316 
64-87 
C386 
6984 
62-33 
56-81 
6742 
73 97 
58-22 
81 51 
6741 
70-06 
6529 
4444 
73-86 
5239 
5408 
6456 
709 
44 44 
59 95 
3 21 
63 60 
68 39 
6764 
89-56 
6896 
49 69 
55 63 
66 67 
48 78 
51 00 
39 34 
68 07 
6217 
73 17 
73 17 
81 82 
61 44 
(59 34 
61 23 
61-20 
67 6 
51 02 

40 00 

41 38 
40 00 

48 84 

49 49 
60 85 

7 00 
511 



112 
6-81 
1189 
643 
12-00 
'59 
60 
787 
6-88 
4-76 
649 
99 
562 
411 
5-50 
13-21 
562 
6'69 
7'88 
476 
831 
4-78 
472 
866 
9-6 
617 
805 
7-60 
8-60 
777 
742 
7-69 
804 
816 
199 
3-70 
773 
700 
820 
601 
1301 
782 
732 
11 01 
482 

5 49 

6 12 
617 



2413 
1119 
37-43 

37-50 

27-24 

37-70 

20-70 

2fi'39 

3117 

37-20 

26 90 

21 

3(1 

26"f)ff 
Ifl -25 
30 87 
SI -SO 
4 -02 

41 20 
23-47 
1C (5 



18 U7 
9-70 

11-20 



0.45 



4 2 
4- 

666 
345 



32-00 
39*10 
27 t)0 

i6-r>s 

34-JH 
52-76 
23 00 
47 25 
42-38 
30 03 
21 -(57 
42 (X) 
52 

fl!) 

3-1 71> 
10 51 
11) fil 

7 

33-71 
17 

32-Ofi 
29 (13 



4 65 
3 65 
476 
9-64 
3-87 



38 2 
44-80 
63 
66 17 

40 -Cl 
4680 
34-40 
16-30 
31 02 



5-28 
711 



121)2 



3 M2 
30 



7-25 



iHsa 



710 
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NAME. 


JTOBMULA. 





H. 


0. 


N. 


S. 


Qhadin .... 


? 


5260 


7-00 


21-49 


18-06 


0-85 


Globularui 


OH n 


5782 


701 


85-67 






Glutenoaeoln . 


? 


51-0 


6-7 


25-4 


16-1 


0-8 


Glycenn 


OiHoOo 


89-13 


8-70 


62-17 






Glyoolio acid . 


OJELOg 


31-68 


5 26 


6316 






Glyoyrrhizio aoid . 


OuHgaNO^ 


59-12 


705 


3266 


1-17 




Grape-sugar . 


OglLgOg 


4000 


6-66 


5334 






Gratiolin 


OjoHjuOy 


6217 


8-81 


29-02 






Gronhartin . 


0. IL B Og (?) 


74-6 


53 


211 






Gyrophono aoid 


OjflHggOyj 


60-81 


4-90 


34-29 






Hfiematoxylm 


18 H M 8 


6367 


4-63 


81-79 






Hannaline 


\J^xLjjJN(|(J 


7290 


6-64 


7-48 


18-08 




Harmine 


OuHyNoO 


78-58 


567 


7-64 


13'21 




Hederio acid . 


OjjjHjgO^ 


66 66 


9 63 


28-71 






Helenm. 


mHoaOi 


76 88 


8-53 


1464 






Holloboroln . 


OjjH^uOjij 


52-35 


738 


4027 






Hellobonn 


H 8 


76-78 


7-37 


16-86 






Heplyl-aloohol 


O r H 18 


7241 


1879 


18-79 






HoBpendm . 




64-77 


539 


39-84 






Hydroonrotm 




8244 


11-41 


6-15 






Hydrocyanic aoid . 




4444 


370 


5185 






Hydroqumono 


OnHflOj 


65-45 


516 


29 09 






Hyosoina 


O^HjgNO, 


7068 


795 


16 16 


4-84 




Hyoscyamme . 


Oi-HmNOj 


7058 


795 


16-16 


484 




Indioun 


OgjjHgjNaOiu ( y ) 


49 60 


492 


43 26 


2-22 




Tndigo-blue . 


CoHpNO 


7328 


382 


1222 


10-68 




Inosite . 


OgHi a 8 


4000 


666 


53-34 






Inulin .... 


0H 10 Oj 


4444 


617 


4939 






Ipecacuanha tanruo acid 


14 H 18 O 7 ( 9 ) 


6637 


604 


37 69 






Jsodulcito 


C B H] 4 6 8 


3956 


769 


52 75 






Jalapin 


O TT O 


56 66 


777 


36 67 






Jorvnio 


C.^H^NjjOg 


61 O.J 


8 56 


25 27 


5-14 




K.impfc'iid 


t 


64 18 


4 40 


31 20 






Kimc aoid 


C 7 H|jO () 


4375 


030 


50 19 






KoHin 


C.iH.uOio 


05 20 


(5 OS 


28 07 






Lactic acid 


GiH h (), 


40 00 


6 66 


53 31 






Laotiuoorm 


GmlliftOj 


81 81 


11 01 


7 14 






Losorpitm 


C 2l Hj,,() 7 


b(i 05 


820 


25 69 






Lain oooi asm . 


OjnH^iNOjj 


52 J7 


C 7^ 


40 23 


1 63 




Lnurostuauo aoid 


(j H,.0, 


72 O'J 


1201 


1687 






Lucanonc acid . 


OwHiA 


0037 


4 10 


35 23 






Lc'guinin 


> 


6147 


702 


24 29 


16 82 


040 


Luvuhn 


H 10 


4444 


6 17 


4939 






Loucmo 


OgHj jNOa 


61 96 


9 92 


24 43 


10 69 




Licliuum 


H O. 


4444 


617 


49 39 






Liclu-u-Htarch 


O b H 10 H 


4444 


6 17 


49 39 






Ligmn (of p 25C) 














Limoxim 


GjjgHjyOg 


6638 


648 


2723 






Liuin 


7 


6292 


472 


32 36 






Lupmm (glucoside) 
Lutoolm 


c,H D o lfl 

G 13 H H O B 


6463 
6207 


647 
3 15 


39 90 
34 48 






Mftclium 




6625 


375 


40 00 






Maloio acid . 


O.H 4 4 


4138 


3 45 


55 17 






Malic acid 


GjHA 


35 82 


4 48 


59 70 






Maltono 




4210 


6 43 


51 47 






Manmte 


OoHfA 


39 56 


7 69 


6275 






Meoonio acid . 
Mecomn 


OiXA 


420 
6185 


20 
515 


56 
3300 







262 . PERCENTAGE COMPOSITION OF CONSTITUENTS. 



NAME. 



FORMULA. 



0. 



H. 



0. 



N. 



S. 



Melanthin 

Melezitose 

Melissyl alcohol 

Melitoae 

Meniflpermine 

Menthol 

Menyanthin . 

Metarabio acid 

Methyl alcohol 

Methylamine 

Methylconiine 

Methystiom . 

Milk-sugar . . 

Mongumio aoid 

Morphine 

Monn . 

Moachatine . 

Mucedm 

Muacarine 

Mycose . 

Mynstic acid . 

Myronio aoid . 

Narceine 

Narootine 

Nanngm 

Nataloin 

Nepahne 

Nicotine 

Nticite . 

Oak-bark tannic acid 

Oenanthio acid 

Oleio acid 

Onomn 

Oroin . 

Oraellic aoid . 

Ostruthiin 

Oxalic aoid . 

Osyacanthine 

Pseomofluoreacin . 

Palmitic acid 

Papaverine . 

Pararabm 

Parelhc acid . 

Paraootoin 

Panoine 

Paridin . 

PaiiUm . 

Paytme . 

Peucedanin 

Philynn 

Phlorizm 

Phlorogluoin 

Physalln 

PhyioBtigmine 

Phytoatenn . 

Picropodophylhn 

Picroroccelline 

Ficrotoxin 




nNO B 



SH.QI 



62-4 

4210 

8219 

42-10 

72-00 

7693 

65-46 

42-10 

3760 

38 71 

77-69 

6586 

4210 

660 

71-68 

59 61 
68 22 
64-11 

60 42 
4210 
73-68 
31 83 
59 63 
63-92 

55 6 
50 44 
63 09 

74 08 
40 00 

63 85 

64 12 

76 59 

59 80 
6776 
57 16 

77 07 
26 B 

60 57 
71 38 

75 00 
7079 
42 10 
60 67 
6785 
75 59 
5783 
604 
7974 
7068 
6067 

56 15 
6713 
6364 

65 49 
8387 
6771 
6808 
60-50 



9-0 
6-43 

14-16 
6-43 
8-00 

1282 
7-60 
643 

1250 

16-13 

12-23 
564 
6-43 
4-6 
667 
331 
666 
6 90 

1092 
6-43 

1228 
604 
628 
557 

5 6 
588 
747 

8 64 

6 G6 

6 13 
11-44 
1206 

564 
645 
476 

7 Of. 
222 
7-20 
fi 89 

12. r .0 
20 
13 

357 
7 09 
843 

9 
633 

5 88 
637 

6 81 
476 
606 
764 

11 83 
588 
631 
583 



286 
61-47 
3-66 
61-47 
1006 
10-25 
36-98 
51-47 
6000 



2861 

6147 

29-3 

16-84 

3708 

27-65 

21-48 

2089 

51 47 

1404 

42-42 

31 09 
2712 
38 8 
34 68 
2732 

53-33 
41 02 
24 44 

11 36 

34 66 

26 81 
3800 
14 08 
71 11 

27 7(. 
2-J 73 

12 no 

18 88 
61 17 

35 0(5 

28 58 
629 

33 74 
30 6 
506 
2364 

32 9b 
3804 
38 11 
3030 
11 60 

430 
2641 
17-05 
3362 



9-35 



4517 
10-07 



4-91 

346 
1663 
11-77 



3-72 
302 
339 



212 
1728 



4 12 
413 

11 02 
886 

1627 
8-60 



088 



1099 



PERCENTAGE COMPOSITION OF CONST. 



NAME. 




POHMULA. 




0. 




H. 


0. 






Pilocarpine . 
Pmmrio acid . 
Pmipiorm 


18? 


6418 
79-47 
5546 


791 
9-93 
766 


1489 
1069 
3698 


13 




Piporino 
Pipilzahoio aoid 
Populm . 
Propionio acid 
Propyl alcohol , 
Prolooaloohmo floid 
Piirpurm 
Pyrocalochm . 
Pyrotfallio aoid 


Q "fT f\ 


439 
71-68 
7258 
56-34 
4865 
6000 
6464 
65-62 
65-46 
67-13 


72 
667 
806 
610 
811 
1333 
3-90 
313 
6-16 
476 


489 
16-84 
1936 
37-56 
4324 
26-66 
4166 
31-25 
2909 
3811 


491 




Quorot'lin 
Qiu'roilo 
Qiioroilnn 
Quniammo 
Quinine 1 and Quimdmo . 
Itacomio aoid 


0^0; 

Oi[|Ho^Ni)OQ 
OonHoiNnOo 
4 fl fl O B 


6667 
5921 
43-9 
5590 
73-08 
7502 
32 


667 
395 
72 
435 
769 
666 
4 


2766 
3684 
4?9 
9-76 
1025 
1043 


898 
864 




Rlialama-rod 
Ithatania lannia acid 




6217 
5940 


481 
496 


3302 
35 65 






KcHorcin 
Rhinacanlhin 


OH^ fl O 3 (') 


6545 
6720 


616 
720 


2909 
2540 






Khiuadinu 
Kioinoloio aoid 
Uoccullic acid 


t 1 ^ 8 


6579 
7248 
6800 


548 
1141 
1066 


2508 
1611 
21 34 


365 




RoLllunii 
Ilubfiylhnc acid 


o*$$l 


7100 
5464 


1005 
504 


1895 
4032 






"Hiibuui 


C ro H () (') 


65 08 


6 57 


39 35 






Knbublone acid 


o'ljILjO m 


51 22 


4 88 


43 90 






Nabiubllmo 


Oj.ll^NjOjjC) 


61 29 


885 


2640 


346 




Habalniu> 


O n ,H Wl N.,() 17 


61 69 


878 


2676 


277 




Kahcin . 


(j II A 


5154 


6 29 


39 17 






Habcyho ncid 


an,/). 


0087 


4 12 


34 78 






HiilicyloiiH arid 


CJIJ), 


b8 85 


4 92 


2623 






iSiiii^uinniinc 


D^llj-NOi 


7059 


526 


1982 


433 




Kanlalm 


(J If () (V) 


fi5 69 


5 11 


2920 






iSiintniiiii 


^ir,l'm () i 


7'5 17 


7 J2 


19 51 






Nnpoinn 


01 !.(), (') 


554 


7 G 


369 






Hclt'ioinucm 


V 


29 67 


641 




6-41 


(268 


Hc'k'ioxaiilhm 


C 10 IT 10 


61 8 


51 


32'0 




ash) 


Kah'ioliu acid 


i 


400 


62 


606 


42 




Hcopnim 


Oo.TLA (') 


68 06 


506 


3687 






Hiiuvlbin 




4787 


585 


34 05 


372 


851 


iSulphoeyanulo of mnapino 


(j^Ujj^jao,, 


55 43 


653 


2174 


761 


869 


HniHlim 


c u n 10 o B 


44 44 


617 


49 J9 






Noc'iilnin 


JO H IH () 7 


59 63 


559 


3478 






SolaTiinu 


Oi,H H7 N() 16 


6066 


878 


2888 


168 




Horbin . 




4000 


666 


5334 






Hpmlcino 


CMH^V 


7805 


1057 




1138 




S(ji])hiHii{jnno 


Q a) H ujNOj 


675 


84 


205 


36 




Hlaroh 


C.H, B 


4444 


617 


4939 






Kkiiino acid 


1S H 1( 0, 


7606 


1268 


1126 






Rlryclniino 


H.J oNjjOa 


7724 


654 


730 


892 




tSlyiaoui 


C ]S H 16 2 


81 82 


606 


1212 






Slyrol . 


8 H 8 


9231 


769 









264 FMWENIAOB COMPOSITION OF 



NAME. 



Succinio aoid . 
Syrmgin 

Tannaapidio acid . 
Tannin . . 
Tartanc acid 
Terpene . 

Thebame 
Theobromme . 
Thevetin 
Thujm . 
Thymol . 
Trunethylamine 
Tntaoin . 
Turpethin 
Tyrosin . 
Umbellif eron . 
TJsmo aoid 
"Valenamo aoid 
Vanillin 
Veratnne 
Veratroidine . 
VitelLn (Brazil nut) 
Vulpio aoid . 
Xanthorhanmm 




40-08 
6481 
6040 
62'42 
82-0 

88-23 
73-31 
4007 
68-00 
6286 
8000 
01-02 
42-10 

ao oo 

69-00 
06 00 
59-39 
58 82 

03 13 

04 42 
03 8 
5229 
7081 
Gl'08 



H. 

fi-09 
0-73 
542 
3-C6 
4-0 

11-77 
0-76 
4-44 

4-84 
0-33 
15-25 
0-43 
7'77 
0-07 
3'71 

9-80 

6-20 

870 

8-2 

7-2-1 

430 

5-83 



0. 



88MU 
31-12 
41-02 
04-0 



115 ''II 
177H 
3.1-41 

10-77 



2(1 -M 

20 -M 
flR'M 
81-87 
HI -CH 
23 07 

am 

21 -Ofl 
2-1 HI 
43-09 



N. 



4-.10 
ill -11 



7-73 



2-111 

1) 1 

1H-01) 
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COMPOSITION OF THE MORE IMPORTANT CONSTITU- 
ENTS OF PLANTS, ARRANGED ACCORDING TO 
PERCENTAGE OF CAEBON. 



0. 


H. 





N. 


3. 


NAME. 


2666 


222 


71-11 






Oxaho add. 


3158 


626 


6316 


( 




Glycohc add. 


8181 


6-04 


42-42 


872 


1699 


Myromo acid 


32-00 


400 


64-00 






Tartano and racemic acid. 


35-82 


448 


6970 


f 


., 


Malic add. 


3636 


6-06 


36-37 


2121 




Asparagme. 


3760 


417 


6883 


_ 




Oitncacid. 


37-60 


1260 


5000 






Methylio alcohol 


3871 


1613 




4617 




Methylanune 


3913 


870 


62-17 


t t 


, . 


Glycerin 


3934 


8-20 


5246 






Erythnte 


3966 


769 


5276 


4t 




Duldte, isodulcite, mannite, 












etc 


4000 


666 


6333 






Acetic and lactic add, glu- 












cose, etc 


40-00 


62 


506 


42 




Sclerotic add. 


4068 


509 


6423 






Succimc acid. 


4138 
4138 


346 
346 


6517 
6617 






Acomfac add 
Fumanc and maleio add 


42 


2 


66 






Mecomo add 


^ t \J 

4210 


643 


6147 






Arabic and jnetarabic acid, 
pararabin, tnticin, saccha- 












rose, etc. 


43 76 


6 30 


6019 






Kmic acid 


43 9 


72 


489 






Pmite and querdte 


4421 




50 5)5 






Boheic add, 


4444 
4444 


370 


3555 


1037 
5185 




Betaine 
Hydiocyamc acid 


4444 
4444 


476 
617 


5180 
4939 






Cyclopm 
Cellulose, dextnn, inuhn, 
levulm, Bimvtnn, starch 


4484 
4665 


533 
217 


4983 
6221 






Cmchona-tanmc add 
Chehdonic acid 


4667 


4 14 


1778 


3111 




Theobromine 


4787 
4865 


5 85 
811 


3105 
4321 


372 


851 


Smalbine 
Piopiomc add. 


4948 


515 


1651 


2886 




Caffeine 


49 59 


12 ,J9 


26 14 


1157 


, 


Choline 


4960 
5021 
5042 
51 


4 92 
681 
1092 
67 


4326 
2113 
2689 
254 


222 
1837 
1177 
161 


045 
08 


Indican. 
Conglutm 
Muscanne. 
Glutencasein 


6100 


700 


4200 






Encnhn 


6102 
5122 
5147 
6201 
5207 


4-89 
488 
702 
588 
724 


4487 
4300 
2129 
4211 
2106 


1682 
1809 


040 
132 


Fratin 
Rubichlonc acid. 
Legumin 
Cmchona-tanmc acid 
ViteUin 



266 COMPOSITION OF IMPORTANT CONSTITUENTS. 



0. 


H 





JSf. 


S 


NAMB. 


5239 
5242 


478 
3'66 


4283 
4402 


... 





Gonotanmo aoid. 


6245 


681 


2221 


1565 


08 


Albumin. 


5247 


679 


4023 


153 




;La,urooorn,aiii. 


6251 


691 


3852 


306 


t 


An^ysdnliii' 


5263 


738 


4027 






Hollolmrom. 


5260 


700 


2149 


1806 


085 


Glitulin. 


6286 


484 


4230 




i 


Tliujiii. 


529 


52 


419 


f t 




Apii* 1 


5321 


760 


3919 






XMgilioiuB' 


6333 


519 


4148 






Cmohmm-rod. 


637 


61 


402 






Arlmtiu. 


5385 


613 


4102 






Oak-bark lannio aoid. 


6391 


869 


3760 


,. 




Otrnvnlliunann, 


5408 


472 


4120 






Daiirtcin 


5411 


690 


2148 


1663 


088 


Mucodm 


5454 


390 


4156 






Protoeatooluiio aoid. 


5455 


909 


3636 


. 




Butyric aoid. 


5454 


629 


3917 


( 


. 


Solloin. 


5463 


647 


3990 






Liipimn. 


5464 


504 


4032 






Rub ery time aoid. 


5477 


539 


3984 


, 




Hesporidin. 


5481 


673 


3846 




t 


Syriiifefiu 


5487 


737 


3750 






Oouvolvulin. 


5493 


992 


2443 


10-69 




Leucino. 


6508 


557 


3935 






Rubitui. 


5529 


783 


3687 






Gyolauim. 


554 


78 


369 




f 


Sammiii 


5543 
5546 
55-46 
556 


663 
766 
756 
56 


2174 
3698 
3698 
388 


761 


869 


Suiphocynnnto of Hiimpino. 
MciiyanUim 
Pinipioim. 


5581 


699 


3720 






Crotonic acid. 


5563 


199 


4238 






ElLitjit* ixcid 


5590 
5614 


435 
643 


3975 
3743 






Quoi oitrui 
Conifoiiii 


5615 


581 


3806 






Phlori/m 


5625 


376 


4000 






Maclnnn 


5634 
8637 
5666 


610 
604 
777 


3756 
3759 
3567 






Populni 
TpectU'tiiinlia-lnnnir IM-K! 
J j,l A] n' n rind lui^x'Lbin 


6675 


541 


3784 








5675 


540 


3785 






CtLiUiaimn 


6713 


476 


3811 








5715 


476 


3809 






4 ici i,iyr<)gii,uin,uio 


6732 


701 


3567 






Globiilann 


5757 
5764 


512 
742 


3496 
3494 


150 


085 


Catlitirtio aoid. 


5769 
5800 


1346 
506 


1638 
3687 


1346 




Amauitino 


5806 
5822 


753 
550 


3441 
3628 






Thovetiii 


5823 


464 


3713 






, 


5824 
5882 
5921 
5926 


738 
980 
391 
617 


3438 
3137 
3684 
8467 







CaiTioiri 
Valariiinio aoid. 
Queicetin, 
Oapaloin. 



COMPOSITION 01 



0. 


H. 


0. 






69-34 


549 


35-17 






Evenunio acid. 


59-44 


688 


8468 






Nataloin. 


59-40 


4-95 


86-65 






Rhatania-tannic acid. 


59-89 


494 


8636 






TJamc atad. 


5963 


5-69 


3478 






Socalorn. 


5963 


6-28 


3109 


302 




N&roeme. 


59-66 
6978 
69-80 


607 
7-47 
664 


26-64 
32-76 
3456 


773 





Tyrosine. 
Oolooynthin. 
Ononm 


59-92 
5906 
60-00 
6000 
0000 


706 
805 
800 
8-33 
444 


32-66 
3200 
3200 
3167 
36-56 


117 





Glycyrrhizic acid.. 
Digitalin, 
Angelic aoid. 
Bryonui. 
Oetiuno acid. 


co-oo 

6037 


13-33 
440 


26-67 
3528 






Propyho alcohol. 
Lecanono acid. 


60-40 


9-0 


306 






PariUin. 


6046 
COCO 


5-42 
688 


3412 
3362 







Tannaapidio acid. 
Picrotoxm. 


00-53 


682 


2860 


416 




Colchicme. 


6057 
60-60 


726 
878 


2776 
2888 


442 
168 





Oxyacanthine. 
Solanine. 


0067 


3-37 


3596 






Parellio acid 


0067 


637 


3296 







Philynn. 


60-71 


595 


3334 






Barbaloin. 


0081 
6085 


490 
476 


3429 
3440 


... 




G^rophonc acid. 
Gurdemn. 


0080 


442 


3478 


, u 




Salicylic acid. 


0000 


4 81 


3423 






Catechm 


(>1 02 


15 25 




2373 




Ti imethylomine. 


01 0!5 


K 50 


25 27 


511 


t 


Jervine 


(>1 "20 


885 


2(> 10 


;j 16 




Saluuhllme 


01.19 


0(17 


29 77 


217 




Aconitine 


OH4 


<m 


,W7i 






Evcnnc acid 


0109 


878 


2(1 7b 


277 




K.ibiitrinu 


61 8 


51 


,'5'2 






iSckin\itithin. 


01 85 


615 


;y oo 






Mcconni 


018(5 


515 


32 99 






l)cn/nhuhun 


0.201 


615 


3301 






Cinchoiia-iiov.i-rod 


0207 


1035 


2758 






Oiipioio .\cid. 


0207 


345 


3448 






Liitoolin 


0217 


881 


2902 






(rratiohn 


0217 


481 


3302 






Rh<itania rod 


0283 


049 


ail 7 






Crocm 


024 


90 


286 






Melantbm 


0246 


4(50 


32 88 






Catochu-tannic acid. 


62 50 


417 


3 1 33 






Aneuionin 


62 (18 


740 


2988 






Aiitiaiin 


625)2 


472 


,5236 






Limn 


0300 


70 


300 






Cnicin 


0300 


7 17 


27 S2 


212 




Nopahne 


o.n.i 


62() 


BO 58 






Vanillin 


03 Ib 


9bO 


2721 






Convn-llonn 


c;u4 


058 


2520 


438 




Colchicmne 


O.'l 57 


403 


3179 






H(Binnto\ylm 


6300 


850 


2790 






Ihjjitoxiii 


0364 


606 


3030 






Physaliii. 
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0. 


H. 


0. 


N. 


S. 


NAME. 


63-88 


6-38 


2976 






Ooriamyrtin 


688 


82 


249 


81 




Veratroidine. 


6392 


6-57 


2712 


339 




Naroolme. 


6412 


1144 


2444 






Oenanthio acid 


64-20 


6-17 


29-63 


tt 




Pilioin. 


64-28 


877 


2700 






Oerio aoid. 


6442 


8-70 


2397 


2-91 




Veratnne. 


6448 


440 


8120 


... 




Kampfend 


64-56 


866 


2347 


3"42 




Delphinine. 


6480 


18-51 


2162 


... 




Butylio alcohol. 


64-90 


76 


275 


t 




Oailcedim. 


65-11 


387 


31-02 


. 




Grenti&in. 


6526 


666 


2807 


t t 




Kosan. 


65-28 


560 


2903 






Oolumbm. 


6545 


516 


2909 






Pyiooalechin, hydroqui- 












nono, reaorcin, oto. 


66-49 


7-64 


1160 


1627 




PhyaoBtigmine. 


65-62 


8-13 


3126 






Purpurin 


65-69 


511 


2920 






Santalm. 


65-79 


6-48 


2608 


3-65 




Bhoeadino 


6585 


564 


2851 






Meihystioin. 


65-97 


5-75 


20-95 


733 




Chlorogemne 


66-0 , 


46 


29.3 






Mongninio acid. 


6605 


8-26 


2569 


. 




Laserpitin. 


66-88 


638 


2723 






Tjimnmn. 


66-44 


6-67 


2215 


484 




Cocaine 


6666 


968 


2371 






Heel ei ic acid 


66-66 


871 


2963 


4 




ITmbellifpron. 


66-87 


6-67 


2666 






Quasbim. 


6667 


870 


8063 






Emodin 


6698 


6-98 


26-01 






Athamanthin. 


67-00 


964 


1630 


7-10 




Gelsemine. 


6711 


548 


2746 






Brosillm 


6712 


11-89 


1119 


979 




Oonhydnne 


6720 


720 


2540 


, B 




Bhinocautbm. 


67-41 


6-62 


2996 


t 




Cubebin. 


6741 


562 


2996 






Oui cumin 


67-6 


84 


205 


86 




StaphiHagnnu 


676 


42 


282 


. 




iFiangiilic acid 


6771 


588 


2641 


... 


. 


Piciopodopliylliii 


8776 


645 


2581 


t 




Orcm 


6785 


857 


2858 






Parpcotom 


6806 


508 


1432 


1234 




Chehdonino. 


6807 


504 


2689 






Eijthiocenlaiirin 


88-08 


631 


1705 


856 




Picroioccollmo 


6822 


666 


2765 


345 




Moschdtino. 


6839 


777 


1658 


725 




Ditdine 


6885 


492 


2623 


.. 




Solicyloua and boiizoic acid 


6896 


804 


2300 






Elatann 


6956 


724 


2320 






Betauroin 


69-72 


5-42 


2486 


,. 




Alkannui 


6976 


1162 


1861 




t 


Oapno acid 


6984 


476 


25-39 


1 t 




Ootoin 


70-00 


929 


2071 






Capbaicin. 


70-05 


6-59 


1625 


711 




Ousoonine and aricuie. 


70-38 


850 


2112 


t t 




Absinthiin 


7058 


795 


16-60 


484 


. 


Atropme, hyosoyamine, etc. 
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0. 


H. 


0. 


N. 


8. 


NAME. 


7058 


6-88 


2354 






Peuoedanin. 


70-59 


526 


19-82 


4-33 


. 


Sanguinarine. 


7079 


620 


18-88 


413 


. 


Papavenne. 


7081 


4-36 


2484 


, 


. . 


OhryBopicnn (vulpio add). 


7087 


787 


16-75 


6-51 




Atheroapennme. 


70-87 


3-94 


2619 




, . 


Ohryaophamo acid. 


709 


9-6 


166 


39 


, 


Delphmoidme. 


7100 


1005 


18-96 


, , 




Rottlerin. 


71-38 


5-89 


2273 


XI 


., 


PeeoniofluoresGLQ. 


7168 


6'67 


10-84. 


491 




Morphine and piperine. 


7164 


508 


1910 


4-18 





Berbenne 


7200 


800 


10-65 


935 




Meniflpermine (?) 


72-09 


12-04 


16-87 


. 




Lanroatearic acid 


7224 


702 


1606 


468 




Codeine 


7231 


5-22 


22-47 


. 




Ohrysarobin. 


7241 


13-79 


13-79 






Heptyl-aloohol. 


7248 


1141 


1611 




! 


Ricinoleio aoid. 


72fi8 


806 


19-86 




. 


Pipitzahoio aoid. 


7200 


6-64 


748 


1308 


. 


Harm aline 


7292 


541 


2162 


f 


t 


Cinnomio aoid. 


7303 


769 


10-26 


898 




Qumamine. 


7317 


7-32 


1932 




.,, 


Santonin, eugenol, eugemn 


7328 


382 


12-22 


1068 




Indigo-blue. 


7331 


676 


1544 


450 


. 


Berbenne and thebame. 


7368 


6-67 


764 


1321 




Harmme. 


7362 


1106 


1472 






Bryoidm 


73-84 


1384 


1232 






Capiylic alcohol. 


7386 


831 


492 


1292 




Cytibine 


7368 


1228 


1404 






Myiiatic acid 


73i)7 


411 


2192 






Coumarin 


7108 


802 




1728 




Nicotine. 


74 1 


97 


957 


5(52 


1 37 (P) 


Chlmophyllan. 


74 61 


106(5 


111)0 






Asclepm 


7457 


8-18 


904 


781 




ANpiJospermme 


746 


63 


21 1 






(iiuiihaitin 


7466 


765 


1778 






Bi\m 


7600 


357 


2144 






Ali/.u in 


7600 


1250 


12 50 






P.ilimtic acid 


76 02 


066 


1043 


861 




(^iinuio and quinidine. 


7601 


907 


1589 






Anacaidic acid 


76 SO 


709 


629 


1102 




Pa,i icine 


76 78 


737 


1686 






Hellebonn 


760ti 


1268 


1126 






Stcai 10 acid 


7669 


1206 


1136 






Oleic acid 


7081 


12-00 




1120 




Coniine 


7683 


853 


1464 






Helenin 


7(J92 


1282 


1026 






Arachio acid, menthol, 












capiic aldehyde 


7707 


795 


1498 






(Xtruthmi 


77 21 


654 


7-30 


892 




Stiychnine 


7755 


748 


544 


953 




Ciiichonine and cinchom- 












dine 


7709 


1223 




1007 




Methylconune 


7792 


1109 


1039 






Borneol 


7805 


1057 




1138 




Sparteine 


783 


112 


V 


> 




Conessme 


7843 


568 


.. 


1589 




Anbme 
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0. 


H. 


0. 


N. 


S. 


NAME. 


78-57 


952 


1191 






Abietio acid. 


78-68 


1395 


737 






Cetyl-alcohol 


7894 


1053 


10-58 






Camphor and oaryophyUin 


79-02 


1317 


781 


t 




Oerotio aaid. 


7924 


666 


1511 


f 




Benzaldahyde. 


79-47 


993 


10-69 






Punaiio aoid 


79-74 


633 


606 


886 




Payfane 


8000 


933 


1077 






Thymol and oarvol. 


80-26 


9-66 


1020 






Oardol. 


8067 


588 


1346 






OmnameiD. 


81-08 


811 


1081 






Anethol. 


81-61 


1321 




528 




Ouranne. 


8181 


1414 


406 






Oerotyl-alcohol 


81-82 


606 


1212 






Styraom and olnnamic 












aldehyde 


81-82 


1104 


714 






Euphorbone and lactuoerin 


8219 


1416 


366 


. . 




Melissyl alcohol. 


8244 


1141 


616 


, 


, 


Hydrocarolm 


8267 


1136 


606 


, f 


, 


Betulin. 


8349 


1179 


473 






Amyiin. 


8887 


1183 


430 






Phytostenn. 


8411 


1216 


374 






Cholefltenn. 


8437 


9-37 


6-26 






Carotin. 


88-24 


1176 








Caoutchouc, lorpsnos, ate. 


9231 


769 


. 






Styiol, 




INDEX. 



Abietite, 225 
Absmtbiin, 49, 146 
Aoaoia, tannin of, 162 
Acid, abietic, 127 

acetio, 23, 24, 119, 226 

aoonitio, 70 

acrylic, 24, 119 

anaoardio, 146 

angelic, 13, 24, 119 ^ 

anthemic, 146 

arable, 76, 210,211, 260 

araohic, 15 

aspartic, 206 

atranono, 151- 

bebenc, 146 

benzoic, 32, 33, 35, 49, 226 

bata-erythnc, 151 

boheic, 160 

butyric, 35, 119 

caff QIC, 161 

caffeo-tannic, 161 

cambogic, 133 

capnc, 13, 119 

caprmc, 13, 119 

caprylic, 13, 119 

carbuBiuc, 150 

oateohuic, 41, 44, 156 
estimation, 157 

catechu-tanmc, 156 

cathartic, 86, 248 

cathnitogemc, 218 

celastrus-tanmc, 163 

cetiAric, 151 

cholidonic, 148 

chij-jophamc, 36, 132 

cmcliona-nova-tannic, 103 

cmchona-tannic, 162 

cmcho-tannic, 162 

cmimmic, 25 

citnc, 70 

estimation of, 1226, 22S 
leactionb of, 226 

crotonic, 119 

dioi&ellic, 119 

ellagic, 153 



Acid, ellago-tftnmc, 160 
erythnc, 151 
evermo, 150 
evenunio, 150 
formic, 23, 24, 119, 226 
fihz tannio, 162 
frangulio, 133 
fomano, 70, 2S2 
gallic, 82, 133, 226 
detection and estimation, 

47, 187 
gallo-tannic, 160, 226 

estimation, 159 

gelsemie, 205 
glutamic, 207 
glycollc, 233 
glyoyrrhizio, 171 
gummic, 210 
gyrophonc, 150 
heliaiitluc, 170 * 
hydrocaibnumc, 151 
hydrocyanic, 24, 29 
hobutyiic, 119 
jalapic, 110 
]ervic, 148 
kmic, 232 
lactic, 232 
Luuic, 13, 112 
lecanouc, 149, 151 
leditanmc, 163 
hcheuoateanc, 151 
hnoleic, 11 

estimation, 111 
lobaric, 151 
maleic, 232 
malic, 70, 229, 234 

,, detection, 225 
moconio, 1 18 
melangallic, 137 
melilotic, 108 
metapectic, 211 

metaiabic, 88, 209, 211, 285, 243 
metatung&tic, 56 
methjlcrotnnic, 13, 119 
metliylsalicylic, 30 



INDEX. 
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Alcohol, octyl, 30 
Alcohols, boiling points of, 30 
Alcohols, primary, secondary, etc., 30 
Aldehyde, angelic, 29 

benzoio, 25 

caprio, 29 

cinnamio, 25, 29 

methyl-oapric, 29 

pelorgonio, 29 

salicylic, 25, 29 
Aldehydes, detection in ethereal oils, 

29 

Alder, tannin of, 156 
Alourites laocifora, wax from, 110 
Aleuronc, 236 
Algarobilla, tannin of, 159 
Alizarin, 133 

Alkaloid, amorphous, separation from 
cinchona, 194 

of celandine, 50 

of eschsoholtzia, 204 

of pimento, 60 
Alkaloids, 178 

oolour-reoctionb of, 178, 179, 180 

confirmatory teats foi, 57 

decomposition, by alkalies, 58 

estimation of, 58, 63, 182 

examination for, 50, 51 

extracted in fixed oil, 19 

ovtiaotecl with alcohol, 38, 48 

extracted with othoi, 33 

extiactod with petroleum spirit, 20 

extraction from aqueous Holution,4 9 

Kimip leagoiiln for, 55 

isolation of, 55 

micioHublmntion of, 181 

not Nopauvted by Blinking, 57 

of cinchona, 108 

,, raioi, 198 

,, sopaiation, 101 

platinum and gold willH of, 181 

quantitative Hepaiatum, 191 

separation, 63, 189 

separation by precipitation, 193 

sepaiation by solvents, 191 

tOHtH foi, 181 

volatile, 50 
Alkannin, 135 
Almond, oil of sweet, 102 
Aloo-iomn, 177 
AlooH, valuation of, 177 
AloinH, voriouH, 176 
Alstoninu, 203 
Amnnitme, 205 
Amidea, 205 
*."" ' 82 

^ 

Ammos, 244 

estimation of, 215 
Ammonia, estimation of, 81 



Ammonia, examination for, 78 

Amygdalin, 164 

AmyBn, 253 

Amylodextrin, 250 

Amylum, are starch. 

Amyrin, 109 

Analysis, general method, 5 

Anemonin, 109 

Anemonol, 109 

AngeUoin, 109, 208 

Anhydrides, action of alkalies on, SO 

Aniline, 50 

Anthoohlor, 117 

Anthoxanthin, 117 

Anthracene, 136 

Anthraquinono-derivatives, 127, 131, 

186 

Antiarin, 176 
Antirin, 146 
Aphrodeesoin, 170 
Apiin, 170 
Apricots, oil of, 102 
Arabia, 210 
Arabinose, 218 
Arbutin, 167 
ArgyrtBBcin, 170 
Aribine, 203 
Aricine, 198 
Ariutoloohia, bittei, 175 

yellow, 140 
Arnicin, 146 
Aharon, 108 
Asclupiadm, 146 
Ash, oHtuntvtioii of, 7 
Asparagino, 82, 200, 207 
Amndortpeinunu, r >0, 20 1 
Athauuinthin, 1 15 
AthoroHpoi mmo, '203 
Atropuif, 50 

OHtunatiou of, 00, 182 

Babluh frmlH, tannin of, 160 
Bubonnu, 20 :) 
Beuch-oil, 102 
Belloilonninu, 203 
BeiiKohtihuin, 109 
Boibenno, 41) 

efitimatioa of, 02 
Botaino, 205 
Betaorcin, 152 

Betainaroorythuu, oisollinatu uf, 151 
Botulm, 145 
Birch, tannin of, 162 
Bistort, tannin of, 158 
Bitter-almond oil, 29 
Bitter principles, 127 

exti acted by alcohol, 38, 48 

lead compounds of, 52 
Bixin, 135 
Brasillin, 137 
s 18 
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Brucine, 50 

estimation of, 61, 183 
Bryoidm, 109 
Bryonin, 170 
Butylalanine, 205 

Cacao, 187 
Caffeine, 49 

estimation of, 186 
Caflcedrin, 146 
Calabar Bean, estimation of alkaloid, 

184 

Calabarine, estimation of, 184 
Calcium, ozalate of, 91 

estimation, 91 

microscopical detection, 92 
Calendulin, 175 
Californin, 176 
Calycin, 161 
Cane-sugar, 220 
Caoutchouc, detection in fixed oil, 11 

extraction of, 109 
Gapsaicin, 109 
Capsicin, 109 
Capsicum, 49 

alkaloid of, 50 
Caragheen-Bugar, 219 
Carapin, 175 
Carbohydrates, see under respective 

names. 
Carotin, 109 
Oardol, 146 
Caryophyllm, 49, 146 
Oarthamin, 178 
Cascarfflin, 49, 146 
Casern, 285 
Castor-oil, 102 
Catechin, 32, 188 

estimation of, 137 
Catechu, tannin of, 156 
Celandine, alkaloid of, 50 
Celastrus, tannin of, 163 
Cell-nucleus, 79 
Cellulose, 252, 256 

estimation of, 96 

varieties of, 256 
Ceratophyllin, 160 
Cerosin, 111 
Cerotene, 110 
Cevadilla seed, 184 
Chamffllirin, 172 
Chelidonine, estimation of, 62 
Chehdonium, estimation of alkaloid 

in, 184 

Chenopodine, 208 
Chimaphflin, 147 
Chiratin, 147 
Chlorogenine, 203 
Chlorophyll, 19, 113, 114 

estimation of, 115 



Chlorophyll, extraction of, 19, 32 
Ohlorophyllan, 114, 115 
Cholesterin, 99 

detection in fixed oil, 11 

detection and estimation, 106 
Oholine, 206 
Ohrysarobin, 182 
Ohrysin, 128 
Ohrysophyll, 114 
Chrysopiorin, 150 
Ohrysorhanmin, 186 
Chylanose, 218 
Oioutin, 147 
Cinchona, amorphous alkaloid of, 191 

tannin of, 162 

Cinchona-alkaloids, estimation of, 62 
Cinohona-nova-red, 163 
Cinchona-red, 162 
Ginohonidine, separation of, 194 
Cinchonine, 49, 60 

separation of, 194 
Cinnamein, 25 
Oinnamyl, cinnamate of, 25 
Oniom, 176 

Cnicus benediotus, bitter principle of, 4 9 
Cocaine, 203 
Codeine, 50 
Oolohiceine, 49 
Colohioine, 49 

estimation of, 61 
Oolooynthin, 49, 170 
Oolumbm, 147 

Concluding remarks (to Part L), 97 
Coneesine, 203 
Conglutin, 285 
Oonhydrlne, 50 
Oonifenn, 167 
Coniine, 60 

estimation of, 61, 183, 184, 189 
Conqumine, see quinidine 
Oonvallamarin, 49, 172 
Oonvallann, 172 
Oonvolvulin, 141 
Ooriamyrtin, 143, 170 
Corydaline, 203 
Ootom, 147 
Ootton-seed, oil of, 102 
Ooumarin, 108 
Oratffigin, 175 
Crocetin, 171 
Orooin, 171 
Crude Fibre, 257 
Crystalloids, 79 
Oubebrn, 49, 145 
Gurarine, 58, 179, 194, 202 
3urcnmin, 136 
3uaconine, 198 
3uspann, 175 

Cutioular substance, 95, 253 
Ontose, 263 
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Oyanophyll, 113 
Oyolamin, 172 
Oyclopiafluoreeoin, 163 
Oyolopia-red, 163 
Cyclopin, 168 
Oynanohooerin, 108 
Oytisine, 203 

Daphnin, 49, 168 

Datiscin, 170 

Delphinine, 60 

Dolphinoidine, 50 

Dextrin, "212 

alooholate of, 213 
estimation of, 66, 67, 213 
estimation of in cane-sugar, 216 

Dextrose, see gluoose 

Diastase, 237 

Diethylatnine, 244 

Digitalein, 49, 143, 173 

Digitalin, 142, 173 

Digitalirosin, 142 

1-hgitin, 143 

Digitonem, 143 

Digitomn, 143, 173 
estimation of, 69 

1 hgitoresin, 143, 174 

Dlgitoxin, 142 

I hmethyloreoselon, 145 

DioHmin, 108 

I HutiUation, fractional, 124 

Ihtamc, 204 

Ihtamiiie, 201 

Divaleiyloioobolon, 145 

Divi divi, Lnnnm of, 156, ICO 

Dulciunaiui, 171, '201 

Duloito, 225 

Ecbolino, 202 
Jflchicorm, 108 
Kohitamino, 204 
ISlaldin, test for oils, 102 
Klaleun, 49, 147 
Kinutino, 50 

oHtimation of, 61 
Kmodin, 132 
Kmulmn, 237 
Kigotmo, 202 
TCrgotinme, 202 
Etiomol, 143 
Hiicolm, 49, 143, 166 
Krythnte, dioiHollmaU) of, 151 

oi-uellinaLo of, 151 
Krythiocentaurln, 147 
Kiylhiophyll, 115 
Hiythiophld-mo, 202 
Krythi'orotin, 1^2 
l'i> iu i ' if i 134 
!', I,- i i, .i.| 
Ktborual Oil, HPP 'Oil, othcioal 1 



Ethereal Salts, see 'Salts, ethereal' 
Ether, direct extraction with, 36 

estimation of substances soluble 
in, 32 

examination of substances soluble 

in, 81 

Etiolin, 116 
Ethylamine, 244 
Eucalyn, 219 
Eupatorin, 147 
Euphorbon, 108 

Fat-acids, fixed, 14 

fractional precipitation of, 14 

free, 105 

detection and estimation, 106 

melting points of, 14, 15 

volatile, 13 
Fats, gee' Fixed Oil' 
Fehling's Solution, 72 
Ferments, 237 
Fibrin, vegetable, 235 
Fihz, tannin of, 162 
Filioin, 99, 107 
Fixed oil, composition of, 10 

detection of, 10 

elaidin test for, 10 

estimation of, 10, 11, 99 

estimation of glycerin in, 12 

linoleio acid in, 11 

oleio acid in, 11 

qualitative reactions, 11 

i ramification of, 101 

tufltu for, 101, 102 
Fraxin, 169 

Kroflh plantn, tiuatmunl of, 6, 10 
Finit Hugai, 218 
Knmaiino, 205 
Fungin, 253 

(JaloctoHO, 219 

(Jails, taiinrn of, 156, 159, 226 

(Jaidomn, 127 

( JeiHHOHpermin, 40, 204 

GeloHe, 252 

Gelseminu, 50, 205 

Ooneial Reinarkh, 1 

(Jentian-bittoi, 140 

(rentiflin, 139 

Geramui, 176 

Glanome, 205 

Gliadm, 241 

properties <if, 212 
Globulaim, 170 
Globulin, 235 

estimation or, 70 

, 2 r )(j 

GlucohgnoHc, 256 
GlucoHo, (letuction of, 21 1 

cHtnnutum of, 72, 73, 71, '215, 217 
18 J 
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Glucose, fermentation test for, 216 

polarization of, 221 
Glucoses, detection and estimation, 
64,72 

extracted by alcohol, 88, 48 

various, 256 
Glucosides, detection of, 53 

direct examination for, 50 

extraction of by ether, 88 

extraction of from aqueous solu- 
tion, 49 

group-ieagents for, 54 

solubility of, 164 
Glutamine, 82 

detection of, 207 

estimation of, 207 
Gluten, 248 
Glutencasein, 285 
Gluten fibrin, 241, 242 
Glutin, 241 
Glycerides, 11 
Glycerin, estimation of, 109 
Glycyrrhizm, 171 
Goa-powder, 182 

Gold, chloride of, as alkaloid reagent, 56 
Granulose, 249 
Grape-sugar, see glucose 
Gratiolin, 49, 172 
Gronhartm, 186 
Ground nut, oil of, 102 
Guacrn, 147 
Guarana, 186 
Guaramne, 186 
Gum, 208 

Gum arabic, varieties of, 211 
Gum, see also ' Mucilage ' 
Gummioose, 210 
Gum-resins, commercial, 129 
Gypsophila atruthium, sapomn in, 69 

Hjamatoxylin, 82, 33, 136 

TTn.nrm.lina, 203 

Hannme, 203 
Hazel nut, oil of, 102 
Helenm, 108 
Hehanthus, oil of, 102 
Helleborem, 49, 172 
Hellebonn, 172 
Hemp, oil of, 102 
Hesperidin, 171 
Hespendin-sugar, 225 
Homofluoreacin, 151 
Hop-bitter, 147 
Hop-resin, 49 
Hop, tannin of, 156 
Horse chestnut, tannin of, 158 
Humus, 90 
Hurm, 148 
Hydrastine, 205 
Hydrocellnlose, 250 . * -~ , . 



Hydrooarotin, 109 
Hydrocotom, 147 
Eygrine, 203 
Hyoscine, 60 
Hyosoyamine, 50 

estimation of, 60, 183 
Hypoohlorin, 114, 116 

Incrnsting substance, 95, 253 
Indican, 174 
Indigo blue, 174 
Indigluom, 174 
Indigo white, 174 
Inosite, 219 
Introduction, 1 
Inuhn, characters, 87 

detection of, 66 

estimation and extraction of, 86 

examination for, 86 
Inuloid, 87 
Invertin, 287 
Invert sugar, 218 
Ipecacuanha, tannin of, 163 
Isoduloite, 226 
Isophlorrhizin, 169 

Jalapin, 140 
Jalapmol, 140 
Jervme, 180 
Junipenn, 148 
Jurubebme, 205 

Kampferid, 108 
Kawam, 148 

Knoppern-galls. tannin of, 159 
Kosin, 107 

Lactose, 210 

Lactuoerin, 108 

Lactuom, 176 

Lactuoon, 108 

Laserol, 145 

Laserpitin, 145 

Laurooerasin, 164 

Legumm, estimation of, 79, 234 

Leuoine, 207 

estimation of, 207 
Leuootm, 147 
Levuhn, 212 

alcoholate, 213 

detection and estimation of, 67, 

213 

Levulosan, 220 
Levulose, 218 
Lichen-acids, test for, 151 
Lichenin, 249, 251 
Lichens, microscopical examination of, 

161 

Lichen-starch, 251 
Ligmn, 95, 252, 253 



5- V 



INDEX. 



277 



Lignin, micro-ohomical characters of, 

565 
Lignin, micro-chemical detection of, 

95 

Ligustnn, 170 
Limonin, 171 
Limn, 176 
Linseed, oil of, 102 
Linodendnn, 148 
Literature of plant-analysis, 3 
Lobeliino, 50, 202 
Lotunne, 175, 206 
Lnpmin, 176 
Lutein, 117 
Lutoohn, 140, 178 
Lycine, 206 
Lyoopin, 148 
Lyoopodine, 205 

Maolnrin, 158 
Maltose, 221 
Mangostin, 148 
Mannite, 77, 224 
Marattin, 70 
Marrubm, 148 
Masopm, 148 
Meconm, 148 
Melampynte, 225 
Melanthin, 173 
Melanthigenin, 174 
Melezitose, 221 
Mehtoso, 221 

Molting-pomtK, dc'lennination of, 15 

Mrmspormmo, 205 

Munyantlun, 40, 100 

Muiumic ehlonde an alLiliud ruagont 



, 253 

Mulhylanthi uct'iii 1 , 13(> 
Methylconuno, 50 
MuthyHticin, 148 
Milk-migar, 220 
Mowture, estimation of, fi 
MonammoH, 244 
Morin, 158 
Moiphine, 50 

oHtimation of, til, 184, 199 
Moiindm, 135 
VLormdon, 135 
Mucodin, 2H, 242 
Mucilago, charactern of, 210 

OHtimation of, 05 

examination for, 65 

modified method of examination 
209 

vegetable, 208 
Mudftim, 170 
Munjcatin, 135 
Mimayin, 171 
Miiscaiine, 205 



volatile oil of, 166 
, 221 
Myoain, 235 

separation from vitellin, 236 
Mynoa oenfera, wax from, 110 
qneroifoha, 110 
species, 110 
obaJans, tannin of, 156, 160 
ilyroain, 165 
MCyroxooorpin, 108 

"Taroeine, 49, 50 
Narootine, 50 

estimation of, 61, 184, 199 
Naringin, 171 

tfarthecin, 148 

^opaline, 60 

tfeurfn, 206 
Nicotine, 50 

estimation of, 61, 188 

'TitrUea, 27 

Nitrogen, detection in ethereal oil, 27 
estimation of, 80 

Nitrogenous substances, 244 
Nucin, 148 

fluoite, 219 

tfupharine, 50, 205 

Oil, ethereal, constituents of, 27 

detection and estimation of, 

21 

detection of nitrogen in, 27 
detection of sulphocyanogen 

in, 27 

detection of sulphur ID, 26 
distillation of, 23 
estimation of, 117 
examination of, 25 
e \amination for aldehydes, 

29 

fluorescence, 26 
fractional distillation, 27, 

124 

optical tests for, 120 
polaiizafaon of, 25 
reactions of, 26, 121, 122, 

123 

solubility in alcohol, ^26, 120 
specific gravity of, 26 
steal optenes in, 23 
olive, 102 
Oleandrine, 206 
Olivil, 176 
Ononin, 170 
Opoiations, pieUmmary, 5 
Opium, estimation of alkaloid in, 199 
Oicin, ebtimafaon of, 162 
Oreofaelon, 145 
Obtruthnn, 144 
Ovyacanthine, 205 
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Oxyaloin, 178 
Oxyoydopm, 163 
Oxyleuootin, 147 
Oxyneunn, 205 

PffloniofluoreBoin, 36, 131 
Panaqmllon, 172 
Papavenne, 49, 60 
Papayotin, 287 
ParaceUuloee, 253 
Faraoholestera, 107 
Paraootoin, 147 
Parameruspermine, 205 
Pararabin, 91 

estimation, of, 93 
Pancme, 199 
Paridin, 172 
Pangemn, 174 
Pariffin, 174 
Paytine, 199 
Pectin, 208 
Pectose, 253 
Pelletierine, 205 
Peptone, 239 
Pereirine, 60, 205 

Petroleum Spirit, estimation of sub- 
stances soluble in, 8 
Petroleum Spirit, extraction with, 8 
Peucedanin, 146 
Phffioretin, 132 
Phaseomannite, 219 
Philygemn, 169 
Philynn, 169 
Pblobaphene, 88, 90 

Pblorogluoin, 35 

Pbloroae, 218 

Phlorretin, 169 

Phlorrhizui, 169 

Phyllooyanin, 113 

Phylloxanthin, 114, 116 

Phyaahn, 49, 171 

Physostigmine, 50 

estimation of, 61, 184 

Phytosterin, 107 

Picroerythrin, 151 

Picroliohenin, 151 

Pioropodophyllin, 139 

Picrosderotine, 202 

Picrotoxin, 49, 142 

Pilooarpme, 50 

estimation of, 184 

Pimento, alkaloid in, 60 

Pine, tannin of, 162 

Pinipiorm, 167 

Pinite, 225 

Piperme, 49 

estimation of, 188 

Pittoaporin, 170 

Platinum, perohloiide of, as alkaloid 
reagent, 56 



Plumbagin, 149 

Podophyllotoxin, 139 

Podophyllum peltatum, 139 

Polychroite, 171 

Pomegranate, tannin of, 160 

Poppyseed, oil of, 102 

Populm, 49, 168 

Porphyrine, 203 

PotasBiobismuthio iodide, as alkaloid 
reagent, 55 

Potassiooadmio iodide, as alkaloid 
reagent, 56 

Potassiomercuric iodide, as alkaloid 
reapent 55 

Potassium, bichromate of, as alkaloid 
reagent, 56 

Potassium, myronate, 165 

tnbromide, as alkaloid reagent, 56 

Potassium, tri-iodide, as alkaloid re- 
agent, 55 

Powdering, 6 

Preliminary operations, 5 

Protoplasm, 79 

Pseudaoomtine, 60 

Pseudamyl-alcohol, 30 

Punioine, 205 

Purpurin, 133 

Pyrocatechin, 32, 33, 36, 138 

Pyrogallol, 35, 36, 137 

Quassiin, 49, 149 

Quebraohin, 49 

Queroetm, 36, 138 

Quercin, 176 

Quercite, 226 

Quercitrin, 86, 138, 178 

Quillaja saponana, saponin in, 69 

Quinamine, 198 

Qumiduie, 60 

separation of, 194 
Quinine, estimation of, 62, 185 

separation fiom bark-alkaloids, 

194 
Quinovra, 176 

Rape-oil, 102 
Ratanhin, 208 
Resin, detection in fixed oil, 11 

extraction of, 31, 38 

micro-chemical detection, 33 

separation from fat acid, 112 
Reams, 127 

acid, 34, 36 
separation of, 127, 128 

action of potash on, 34 

anhydrides, 34 

behaviour to reagents, 34 

commercial, 129 

dry dibtillation of, 36 

indifferent, 34 
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Rosins, mioro-ohemioal examination, 
oxidation-products of, 34 
purification, 84 

Resorcm, 85 

Rhamnin, 185 

Rhamnoduldte, 226 

Rhatany-red, 157 

Rhatany-root, tannin of, 157 

Rhinaoanthin, 135 

RhinaoanthuB oommunia, 185 

Rhinanthin, 163 

Rbinanthogemn, 163 

Rhoeadine, 203 

Rhosaginine, 203 

Rhubarb, Assay by Iodine, 248 

Rhus snooedanea, wax from, 110 

Riranufl oommunis, oil of, 102 

Robimn, 140, 178 

Rottlerin, 149 

Rubiadin, 134 

Rubian, 134 

Rubiretin, 134 

Rutin, 140, 178 

SabadiLhne, 50 

estimation of, 01, 184 
Sabatnne, 50 

OHtimation of, 61, 184 
Socohaiose, Bottger's test for, 76 

cliaraoterH of, 76 

OHtimation of, 75 

examination foi, 65, 72 

mvoimon of, 75 
Sacchauwi'H, 220 
Hahcni, SJ3, . r )(), 18 
Hahcin Hiig.u, '218 



Halnotm, 1H 
HaltH, othrroal, 29 
Hamocloiin, 170 
Hand, 7 

Hangmnaime, 62 
Hantahn, 137 
Santonin, 3(>, 40 

estimation of, 141 
Suponaria nlhcinalih, aapomn in, 69 
Hapogenm, 68 
Hapomn, 49, 178 

estimation of, 68 

examination foi, 67 
Sarraoenia puipuiua, alkaloid in, CO 
SaiHapanlla, Hapomn in, 69 
HciHain, 173 
Solorerytlmn, 134 
Hcloroiuucin, 249 
Soleroxauthm, 149 
Henogin, 49, 173 
Hopaiation, mothocla of, 3 
SeHanuS oil of, 102 
Hicopuin, 149 



Sinalbm, 166 

Smapme, acid sulphate of, 166 

sulphooyanate of, 166 
Sinistnn, 212 

alcoholate of, 213 

detection and estimation, 67, 213 
Sinkaline, 205 
Snulaoin, 174 
Soda, examination of substances soluble 

in, 88 
Solanidine, 49 
Solanine, 50 
Sorbin, 219 
Sorbate, 225 
Sordidm, 151 
3parattospermin, 176 
Sparteine, 50, 205 
Special Methods, 99 
Staphysagrine, 180, 193 
Starch, 91, 249 

estimation of, 93 
Stearoptene in ethereal oil, 28 
Styracin, 25 
Strychnine, 50 

estimation of, 61, 183 
Styrol, 108 
Subenn, 95, 255 

Sugar, estimation by polarization, 221 
Sulphocyanogen, detection in ethereal 

oil,27 

Sulphui, detection in ethereal oil, 26 
Sumach, tannin of, 159 
Sunflower seed, oil of, 102 
Sunnamine, 203 
Synngin, 49, 170 
Syimgopicnn, 170 

Tampicin, HO 
Tanacetin, 149 
Tanghmin, 149 
Tannin, constitution of, 152 

decomposition of, 152, 153, 154, 
156 

detection of, 39 

detection of glucose from, 153 

ellagic acid from, 153 

estimation of, 41-47 

extracted by ether, 31 
alcohol, 38 

extraction of, 40 

gallic acid fiom, 153 

glucosidal nature of, 153 

insoluble in water, 156 

microscopical detection of, 40 

purification of, 155 

reactions of, 40 

separation from alkaloid, etc., 52 

various, 153, 162, 163 
Taraxaoin, 149 
Taxine, 50, 205 
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Toa, 186 

_ tannin of. 160 
Thebaine, 50 
Tootoohryain, 128 
Terpenes, 28 
ThoUotrin, 180 
Theine, estimation of, 62 
Theobronoine, 49 

estimation of, 187 
Thevetin, 172 
Thujin, 140 
Toxireain, 143 
Trehaloue, 221 
Trlethylamine, 244 
Trimethylamine, 246 
Trimetuylaniline, BO 
Tritioin, 212 

aleoholate of, 213 

detection and estimation, 67, 218 
Turpethin, 141 
Tyrosine, detection of, 208 

estimation of, 207 

Umbelliferon, 86 

Valonia, tannin of, 169 
Vanillin, 167 

estimation of, 144 
Varioluun, 161 
VaeouloBB, 268 
Veiantin, 184 



Veratrine, 60 

estimation of, 61, 184 
Veratroidme, 179, 189 
Viola tricolor, 139 
Violaqueroitrin, 189 
Violin, 203 
Vitellui, 236 
Vitellin, isolation of, 230 

separation from myosin, 286 

Walnut, oU of, 102 

Water, examination and estimation 
of substances soluble in, 65 

mineial matter dissolved by, 00 
Wax, Bahia, 111 

Oamauba, 111 

microBOOpioal detection, 111 

vegetable, 13, 110 
Wood-gum, 249, 262 
Wonnseed, estimation of santonin in, 

141 
Wrightine, 203 

XantheiB, 117 
Xanthin, 117 
Xanthophyll, 114, 116 

'X'ji.Titlifvr'hil.TnTiin, 136 

Xanthoaclerotin, 149 
Xylostein, 149 

Zeorin, 161 



THE END.- . 






, . 

1 > 




LOHDOK . BiJUJiBB, TDSDALL, AMD COX, KTHO WIIJ.IAM BTBiJiT 



